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REPORT. 



Cincinnati, May 13, 1879. 

The American Railway Master Mechanics* Association convened 
at the Grand Hotel, in the City of Cincinnati, at 9 o'clock, A. M. 

Presideitt, N. E. chapman, in the Chair, and the following officers 
present : 

B. WELLS, Jefifersonyille, Madison & Indianapolis Bailroad, First Vice- 
President. 

S. J. HAYES, Illinois Central Bailroad, Treasurer. 

J. H. SETCHEL, Little Miami Bailroad, Secretary. 

Convention was called to order, and the proceedings opened with prayer, 
by the Bey. D. F. Harris, of Columbia Congregational Church. 

An address was made by Col. L. M. Dayton, who extended the hospitali- 
ties of the city as Cincinnati's welcome to her guests. 

The President — Gentlemen, the minutes of the last annual meeting 
have been printed in pamphlet form, and each member of the Association 
has been provided with a copy. It has been our custom to accept these min- 
utes without reading. What is your pleasure in regard to it? 

Mr. Hates, Illinois Central Bailroad — ^I move the minutes be receired 
without reading. 

Carried. 

The President — ^The next business in order is the calling of the roll. 
The Secretary will please call the roll. 

The Secretary then called the roll, and 58 members answered to thdr 
names. 

MEMBEBS PBESENT AT BOLL CALL. 

NAME. ROAD. ADDRESS. 

ANDERSON, H.^ - No. 147 Randolph street....... Chicago, 111. 

BROOKS, H. G.......M ..Brooks Locomotive Works MM..Dunkirk, New York. 

BLACK, JOHN Dayton & Michigan......... .........JLiima, Ohio. 

(CHAPMAN, N. £ Cleveland & Pittsburgh..^ „. Cleveland, Ohio. 



NAME BOAD. ADDBEBS. 

COOPER, H. L Indianapolis, Bloomington & Western. ..Urbana, Illinois. 

CORY, CHARLES H Central Railroad of Iowa Marshalltown, Iowa. 

COON, GEO. F Mineral Range Hancock, Michigan. 

DEVINE. J. F Wilmington & Weldon Wilmington, N. C. 

ELLIOTT, HENRY « St. Louis, Mo. 

ECKFORD, JAMES Cincinnati, Hamilton & Dayton ^...Cincinnati, Ohio. 

FLYNN J. H Western & Atlantic Atlanta, Ga. 

FULLER, WILLIAM Atlantic & Great Western Meadville, Pa. 

FOSTER, W. A W. Division, Fitchburg Fitchburg, Mass. 

GRAHAM, CHARLES Lackawanna & Bloomsburg Kingston, Pa. 

HAYES, S. J Illinois Central Chicago, Illinois. 

HEWITT, W. O Toledo, Peoria & Warsaw Peoria, Illinois. 

JOHANN, JACOB Wabash Springfield, Illinois. 

KAUFHOLZ, F. G Cleveland Columbus, Cin'ti & Ind .....Cleveland, Ohio. 

KING, ROBERT Western of Alabama Montgomery, Alabama. 

MINSHALL, J New York & Oswego Midland Middletown, N. York. 

McKENNA, J ..Indianapolis, Peru & Chicago Peru, Ind. 

McVAY, JOHN Alabama & Chattanooga '. ,Chattanooga, Tenn. 

ORTTON, JOHN Canada Southern „ St. Thomas, Canada. 

PRESCOTT, G. H Pittsburgh, Cincinnati & St. Louis Logansport, Ind. 

RICHARDS, GEORGE Boston & Providence Boston, Massachusetts. 

REYNOLDS, G. W Boston, Clinton, Fitchburg & N. B Taunton, Mass. 

SETCHEL, J. H ......Little Miami Cincinnati, Ohio. 

SEDGLEY, JAMES............Lake Shore & Michigan Southern Cleveland, Ohio. 

SPRAGUE, H. N Porter, Bell & Co Pittsburgh, Pa. 

SALISBURY L. B St. Louis & South Eastern Mt. Vernon, 111. 

SELBY, W. H St. Louis, Kansas Citya& Missouri Moberly, Mo. 

SIMONDS, G. B Cairo & St. Louis East Carondelet, 111. 

SWIFT, JOHN Schenectady Locomotive Words Schnectady, New York. 

TULL, C. H MVicksburg, Shreveport & Texas... ..Monroe, La. 

WIGGINS, J. E Houston, East & West Texas Houston, Texas. 

WHITE, J. L Evansville & Crawfordsville Evansville, Ind. 

WHITE, PHILIP ....Cleveland & Pittsburgh Wellsville, O. 

LILLY, J. O. D Indianapolis, Ind. 

MILES, F. B Philadelphia, Pa. 

The Pbesidekt — ^The Secretary will please read Article IV of the Con- 
stitution. 

The Secretary then read Article IV of the Constitution. 

The Pbesidekt — Gentlemen, an opportunity is now given for those who 



are qualified and desire to become members. It has been our custom to take 
a recess of a few minutes, to allow those who wish to do so to sign the Con- 
stitution. 

NEW MEMBERS. 

NAME. BOAD. ADDBESS. 

BALDWIN, B. L Paris & Danville Danville, 111. 

BISSETT, JOHN Cheraw & Darlington Florence, S. C. 

BRIGGS, R.* H Mobile & Ohio Whistler, Ala. 

COOK, JNO. S Georgia^ Augusta, Georgia. 

COOK, ALLEN Chicago & East Illinois Danville, 111. 

GREGG, B. J Cincinnati, Sandusky & Cleveland......Sandusky, Ohio. 

GORDON, JAMES T Concord Concord, N. H. 

JOHNSTON, F W Springfield, Jackson & Pomeroy Springfield, Ohio. 

MILLER, W. H.... .Transfer & Stock Yard Company Indianapolis, Ind. 

PRICE, THOMAS Cincinnati Southern Cincinnati, Ohio. 

PATTERSON, J. S Indianapolis, Cincinnati & Lafayette. ..Cincinnati, Ohio. 

ROBERTSON, THOS Marietta, Pittsburgh & Cleveland Marietta, Ohio. 

SCHAFFER, AUGUST Louisville, Cincinnati & Lexington Louisville, Ky. 

STEEL, W. J....i Louisville & Nashville Gt. Southern Nashville, Tenn. 

SECHLER, E. K Ohio & Mississippi ....Pana, 111. 

THUMSER, JOHN..........Ohio & Mississippi Seymour, Ind. 

WILSON, J. B Ohio & Mississippi. Vincennes, Ind. 



After recess. 

Th£ President — ^It has been suggested that quite a number of members 
of the Adsociation haye come into the room since the calling of the roll ; if 
80, will they please notify the Secretary. 

The President then read his annual address. 

PRESIDENT'S ADDRESS. 

Gentlemen : Again I am permitted to greet you in assembling 
upon this our Twelfth Annual Meeting. At Richmond^ last year, 
it was aecided to meet here in the famous Queen City of the Great 
West, but more latterly known as the Paris of America, with its 
Davidson Fountain, its beautilul Eden Park; its famous Zoological 
Garden; its world renowned Academy of Music and Theodore 
Thomas ; its inclined plane railways ; and last, but by no means least, 
its Cinciunati Southern Railway. 



We meet tinder the same pleasant general order of things which 
has prevailed throughout the country at each and every one of our 
meetings for the past eight years. 

In one respect the outlook is more pleasant than heretofore, the 
continuance of prosperity is even more assured now than it was one 
year ago. 

Eesumption has proved so far a success, and if there has been no 
sudden increase of prosperity, there has been none of privation or 
poverty, but instead there has been, I may say, a gradual and steady 
increase or revival of all branches of business, which bids fair to be' 
as permanent as it has been steady. / 

Our own society seems to share in the general prosperity, and if 
we have gained few members we have lost but few. 

For a statement of the financial condition of the Association, I 
refer you to the very able and satisfactory report of your Secretary. 
For the first time in the history of the Association we find our- 
selves at the annual meeting free from debt, with a balance in the 
Treasury. 

The interest in our meetings seems to me to be fully sustained. 

We are reaping some benefit from our organization, I think, in 
the carrying out of its fundamental principle, viz : Railway Econ- 
omy ; but, although something has been done, yet there is still room 
for improvement ; not, perhaps, in reducing wages, but in the im- 
proved methods of working and using our machinery. 

My friends, economy must be the watchword for the next few 
years in operating the railroads of this country if we would have 
lasting prosperity. 

Who can do more than the Master Mechanics toward educating 
the employees in their department to live cheaply, or at least within 
their earnings, which is the first lesson, and with many a hard one 
to learn. 

We can also do much towards reducing the expenses of our de- 
partments by close and careful application. There is, however, a 
minimum or limit in that direction, beyond which it is not economy 
or safe to go. 

We seem to be upon the verge of another railroad war upon rates, 
which would appear to be a suicidal policy, as the volume of busi- 



ness is not increased to any appreciable extent by sacb redaction in 
rates, neither is the producer or consumer benefited thereby. I am 
of the opinion that if a fair, reasonable compensation could be fixed 
upon and adhered to, letting the business seek its own legitimate 
channel for transportation, the railroads as well as the country gen- 
erally would be greatly benefited. 

It has been my pleasure to be present at each of the gatherings 
since the first formation of the Association, in 1868, at which 
time, for some unexplained reason, I was selected to fill the office of 
First Vice-President, which office I held until the meeting in St* 
Louis, when, in the absence of your President, Mr. Britton, I per- 
formed his duties to the best of my ability. 

It was your pleasure at that, as at the succeeding meeting, to do 
me the honor of electing me to the office of President, for which 
mark of confidence I am deeply grateful, but haying held office for so 
long a time in this Association I think it is time for a change. 

Your committees are entitled to commendation for the able and 
efficient manner in which their reports were presented at our last 
meeting. 

I am informed by our Secretary that one of our members has 
gone before to that bourne from whence no traveler returns. I refer 
to J. B. Morse, late of the Eastern Division of the Wabash Railway. 
I trust suitable action may be taken by this Association in regard to 
the sad event. 

Thanking you for your indulgence, I now invite your attention to 
the next business in order, which is the reading of the report of your 
Secretary. 

The Secretary read his report as follows : 

SECRETARY'S REPORT. 

Cincinnati, May 13, 1879. 

To the American Railway Master Mechamctf AesowUion: 

Gentlemen — For the eighth time I have the pleasure of submit- 
ing to you my annual report. 

At our last meeting we numbered 176 members ; since that time 
twelve members have joined the Association, five have resigned, 
twenty have been dropped from the rolls, as required by Article lY 
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Section 4, of our Constitution, and one member is deceased. With 
these changes the Association numbers 161 members. 

A proposition from Wilstach, Baldwin & Co., of this city, to print 
1,200 copies, of 200 pages each, of the Proceedings of our last Annual 
Meeting for $557.75 was accepted ; but as the report exceeded two 
hundred pages the price was increased over this sum to the amount 
$17.10, making the cost of printing our Eleventh Annual Beport 
$574.85, and during the year we have distributed the following 
number : 270 copies to members, 360 to railroads and railroad offi- 
cers, and 125 to locomotive works and other parties. There has 
also been sent out 105 copies of other reports, making the total 
number of all reports sent out 860, which number includes 72 copies 
sold by the Secretary and 35 copies sold by the Kailroad Gazette. 
We have the following reports on hand : 577 copies of the First apd 
Second, 42 of the Third, 281 of the Fifth, 24 of the Sixth, 91 of the 
Seventh, 368 of the Eighth, 316 of the Ninth, 302 of the Tenth, and 
445 of the Eleventh. 

The distribution of the reports to railroads was by instruction of 
the Supervisory Committee, six copies being sent to each of the 
roads contributing to our pointing fund last year, with a request for 
a renewal of their subscription, which has been very generally re- 
sponded to, and the following are the names of the roads and loco- 
motive companies contributing, and the amount of their contribu- 
tions to this fund : 

NAMES OF CONTRIBUTORS TO THE PRINTING FUND. 

BOAD. AMOUNT. 

Pittsburgh, Cincinnati & St. Louis— Pan-Handle Division, 1877-78, $24 00 

" •' " C, C. & I. C. " 1877-78, 24 00 

" " " Little Miami *' 12 00 

" " " 2d and 3d " 12 00 

Pennsylvania Company — Pittsburgh, Ft. Wayne & Chicago 12 00 

*' ** Jefiersonville, Madison & Indianapolis 12 00 

Pennsylvania Central — G. Clinton Gardner -12 00 

Cleveland & Pittsburgh 12 00 

Louisville, Cincinnati & Lexington 12 00 

Arkansas Midland 12 00 

Chilian & Tallahuana, S. A 12 00 

Amount forward $156 00 



ROAD. AMOUNT. 

Amount forward. $156 00 

Cincinnati, Hamilton & Dayton 12 00 

Connecticut River 12 00 

Philadelphia, Wilmington & Baltimore .' 12 00 

Mineral Ran }<e 10 00 

Camden & Atlantic 12 00 

Lehigh Valley 12 00 

Illinois Central 12 00 

Louisville & Nashville 10 00 

Mobile & Ohio 12 00 

St. Louis & Iron Mountain 12 00 

Grand T.unk Railway of Canada 12 00 

Chicago, St. Louis & New Orleans 12 00 

Lake Shore & Michigan Southern 12 00 

Northern Pacific 12 00 

Missouri Pacific 12 00 

Atchison <& Nebraska 12 00 

Cleveland, Columbus, Cincinnati & Indianapolis 12 00 

Chesapeake <& Ohio 12 00 

Indianapolis, Bloomington <& Western 12 00 

Kansas Pacific... ..••%..! 12 00 

Toledo, Peoria & Warsaw ., « 12 00 

Canada Southern 12 00 

Missouri, Ki. Scott & Gulf 12 00 

Houston &Texas Central 12 00 

Delaware & Hudson Canal Company 12 00 

Atlantic & Great Western 12 00 

Cleveland, Tuscarawas Valley & Wheeling 12 00 

Northern , 12 00 

Concord .. 12 00 

Western & Atlantic 12 00 

New York, Lake Erie & Western 12 00 

Delaware, Lackawanna & Western 12 00 

Central Railroad of Iowa 12 00 

Porter, Bell & Co. Locomotive Works 10 00 

Pittsburgh Locomotive Works 15 00 

Baldwin Locomotive Works ■ 12 00 

Brooks Locomotive Works 12 00 

Schenectady Locomotive Works 12 00 

Total amount Contributed $609 00 

Total amount received by Assessment 1,350 00 

Total amount received by Initiation Fees 12 00 

Amount forward $1,971 00 
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Amount forward $1,971 00 

Total amount received bj Sale of Keports 119 80 

Amount received from Railroad Gazette for use of MS. for two 

years, 1877 and 1878 100 00 

Donation from W. W. Evans 10 00 

Making the^total amount received ^2,200 80 

For all of which I hold the Treasurer's receipts. 

In June, after the adjournment of the Richmond Convention, the 
following letter from Wm. Toothe, of New York, was received by 
the Secretary : 

"New York, June, 1878. 

" J* H. Setchely Esq., Secretary M, M. Aasoeiation : 

"We have remaining of a littU fund raised at Richmond $59.05, which I 
am instructed to contribute to the exchequer of the M. M. Association. If 
this will be acceptable, please notify me and I will send check. 

Yours verj truly, WM. TOOTHE." 

This was referred to President Chapman, who directed the Secre- 
tary to acknowledge the receipt of the letter, and say the $59.05 
would be accepted and added to the Boston Fund. 

A check for the amount was promptly forwarded, and is herewith 
included. 

BOSTON FUND. » 

The original Boston Fund consisted of $3,000, presented to the 
Association by the citizens of Boston in May, 1872. This was 
placed at 6 per cent, interest until October 15, 1875, when it 
amounted to • $3,620 00 

This, by instruction of the Association, was invested in three 

$1,000 bonds, paying therefor 3,615 00 

Leaving unapplied •• $5 00 

The first interest collected on these $1,000 bonds was as follows : 

January, 1876 $106 79 

July, 1876 100 80 

January, 1877 99 97 

At date of January 6, 1877, the unapplied principal ($5) and the 

interest on these bonds amounted to »•••••• $312 56 

Amount forward r ••••••• $312 66 
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Amount forward > ~ $312 56 

When according to the instruction of the Association, as there was 
sufficient funds, two additional ten-forty bonds were purchased, 
paying therefor 231 50 

Leaving uninvested • $81 06 

Value of fund at date of January 6, 1877 $3,927 56 

To this add the 

Interest collected on three $1,000 bonds, July, 1877 $94 50 

" " " " " January, 1878 91 35 

" " « « " July, 1878 90 25 

" " " " " January, 1879 ^ 90 00— 366 10 

Interest collected on two $100 bonds, March, 1877 10 40 

" " " " " " 1878 10 00 

« « " « " « 1879 10 00— 30 40 

Amount of donation by Bichmond Committee.. ••..... 59 05 

Making the total value of fund , $4,383 11 

Being the amount of the principal with interest accamulated up 
to this date. 

At a called meeting of the Trustees of the Boston Fund, held 
May 12, 1879, at which Messrs. N. E. Chapman, of the Cleveland 
& Pittsburgh Railroad ; B. Wells, of the Jefifersonville, Madison & 
Indianapolis Bailroad ; S. J. Hayes, of the Illinois Central Bailroad, 
and J. H. Setchel, of the Little Miami Bailroad, were present, a care- 
ful examination of the foregoing statement in regard to bonds and 
moneys belonging to the Boston Fund was made and found to be 
correct. The Trustees being advised that the interest on our bonds 
would cease in May and July, 1879, it was i;nanimously decided to 
exchange them for the 4 per cent, bonds. Accordingly thirty-seven 
hundred 4 per cent, interest bearing bonds were purchased, leaving 
a balance on hand unapplied at this date of $5.31. 

I have given a full and complete history of the Boston Fund for 
the benefit of new members and those who may be particularly in- 
terested in looking after the financial condition of the Association. 

The Secretary is in receipt of several mechanical and scientific 
periodicals from Europe and this country) which are the property of 
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the Association, and we are also tlie owners of a veVy fine dynamom- 
eter, presented by Thos. Prosser & Sons, of New York, which was 
duly stated in my report following its presentation. 

All of which is respectfully submitted, 

J. H. SETCHEL, Secretary. 

Approved — N. E. Chapman, President; R. Wells, First Vice- 
President ; S. J. Hayes, Treasurer. 

Cincinnati^ May 13, 1879. 

The Secabtabt — Mr. President, I desire to say that the Rogers Loco- 
motive Works ordered this year, the same as la8t, fifty copies of the Reports, 
and paid fiftj dollars for them, which is included under the head of Reports 
sold. 

The President — Gentlemen, you have heard the report of your Secretary, 
what action will you take upon it? 

On motion, the report was received. 

The Pbesidekt — The next business in order is the report of year Treas- 
urer. The report is in the hands of the Secretary, who will please read it. 

The Treasurer's report was then read, as follows : 
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The President — Gentlemen, you have heard the report of your Treas- 
urer! what action will you take upon it? 

On motion of Mr. Black, the report was received. 

The Pbesident — It is necessary to appoint a committee to examine the 
accounts of the Secretary and Treasurer, and also to report upon the amount 
of assessment that may he necessary for the expenses of the coming year. 
Will some memher please make a motion to that effect ? 

Mr. Hayes, Illinois .Central Bailroad — I move that a committee of three 
be appointed. 

Motion carried. 

The Pbesident — I will appoint on that committee, Messrs. Bichards, 
Boston & Providence Bailroad ; Johann, Wabash Bailroad, and J. Davis 
Barnett, Grand Trunk Railway. It has also been our custom to appoint a 
Committee on Correspondence, as more or less is usually received, and we 
have always appointed a committee to select such as may be proper to 
come before the Association. Is it your pleasure that such a committee be 
appointed ? 

Mr. Johann, Wabash Bailroad — ^I move a committee of three be ap- 
pointed. 

Carried. 

The President — I will appoint on that committee, Mr. Sedgley, Lake 
Shore & Michigan Southern Bailroad ; Mr. Fuller, Atlantic & Great Western 
Bailroad, and Mr. Devine, of the Wilmington & Weldon Bailroad. Any 
correspondence that may be received will be handed to them. According to 
a resolution, introduced two years ago, one hour of each day, from 12 to 1 
o'clock, was set apart for discussion upon such questions or resolutions as 
any one might feel disposed to offer, to be brought up in the order presented, 
and I would say now that if any of the members have any resolutions or 
questions they wish to have discussed, they will please hand them to the 
Secretary so that they may be brought up at the proper time. The next 
business in order is the Beport of the Committee upon Standard Car and 
Tender Axles. Said Committee consists of Mr. James Sedgley, Lake Shore 
& Michigan Southern Bailroad ; Mr. Cooper, of the Indianapolis, Bloom- 
ington & Western Bailroad; Mr. Boon, of the Pittsburgh, Ft. Wayne & 
Chicago Bailroad ; Mr. Hudson, of the Bogers Locomotive Works, and Mr. 
Forney, of the Bailroad Gazette. The report is in the hands of the Secre- 
tary, who will please read it. 

Majority Beport of Committee on Standard Car and Tender 

Axles. 

To the American BaHway Master Mechanict? Associtition: 

Gentlemen — The Committee appointed at the last annual meet- 
ing, and which was instructed to confer with a similar committee 
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appointed by the Master Car Builders' Association, beg leave to re- • 
port tHat some months ago they issued a circular asking for infor- 
mation in relation to this subject. The replies received have 
however been very few in number, although some of them have 
evidently been prepared with much care. In these Mr. G. A. Cool- 
idge, Superintendent of Motive Power of the Fitchburg Railroad, 
says, that 'Hhe Master Car Builders' Standard Axle has been 
adopted on that line as the standard for general use," and that his 
" preference is for tender and car axles of the size or form known as 
the Master Car Builders' Standard." 

Mr. John Hewitt, Superintendent of Motive Power and Ma- 
' chinery of the Missouri Pacific Railroad, writes, that the Standard 
Axles in use on that road have journals 3^ inches diameter by 6^ 
inches long, and " have given satisfactory results," and he, therefore, 
" would not advise the Company to change its standard. If, how- 
ever," he says, ** a new standard was necessary my experience would 
induce me to favor one "with a journal larger than the Master Car 
Builders' Standard. As between the two, preference would be given 
to the latter." 

Mr. Jacob Johann says, that he has adopted the Master Car 
Builders' Standard Axle for tender trucks. ^' At the present time all 
the engines on this division are equipped with this axle, and * * 
we are entirely convinced and satisfied by general observation that 
the use of the larger axle and journal possesses the following ad- 
vantages over the smaller axles previously used : greater freedom 
from heating and consequent economy in the use of brass bearings^ 
oil, and waste, and having but one axle for all, the quantity of wheels 
and axles carried in stock is materially reduced. * * * I 
am strongly in favor of the Master Mechanics' Association adopting 
the same standard, without change, as the standard tender axle. 
There is no reason for diflfering, and every reason both as to conve- 
nience and economy why the car and tender axles should be of 
uniform dimensions." 

Mr. George Richards, Master Mechanic of the Boston & Provi- 
dence Railroad, says, " that the Master Car Builders' Standard Axle 
has given the best results on his road, and that he would prefer it as 
a standard to any other size." 

Mr. Herbert Wallis, the Mechanical Superintendent of the Grand 
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Trunk Railroad, says : " It would seem a pity to make any further 
alteration in the Master Car Builders' Standard Axle, to do which 
will certainly be to deter Companies in future from following their 
advice, which in many cases they have done for the sake of uni- 
formity." 

Mr. 0. Chanute, Superintendent of Motive Power and Ma- 
chinery of the New York, Lake Erie & Western Railroad, writes : 
" We have in service 475 locomotive engines. Of these 280 have 
journals 3f by 6 inches, 171 have journals 3^ by 7 inches. 

" We had in service September 30, 1878, 13,239 flat cars and 407 
passenger cars. Of these twenty per cent, have journals 3^ by 6 
inches ; sixty per cent. 3f by 6 inches ; twenty per cent. 3J by 7 
inches. 

" The journals, 3 J by 7 inches, have given the best results. Experi- 
ments made with the dynamometer indicate that trains fitted up with 
them have less friction than other journals. The resistance of this 
journal being from 3.06 to 3.90 pounds per ton upon a level straight 
line at from six to ten miles per hour. We also find that we wear 
out a less number of brasses with this journal, 3^ by 7 inches, than 
with !hose of any other size. 

" The axle which we prefer is that indicated in the print inclosed, 
which is 83J inches long over all ; 82 inches between collars ; journ- 
als 3^ by 7 inches ; wheel seat 4f inches diameter, with no abrupt 
curves. It weighs in the rough 326 to 332 pounds, and turned 
up weighs 314 pounds." 

It will be noticed that Mr. Chanute does not report any axles on 
his road with the Master Car Builders' Standard Journal. 

Mr. James M. Boon, Master Mechanic of the Fort Wayne Rail- 
road, writes that he would prefer an axle 83 inches long over all ; 
81f inches between outside collars; 7 by 3J inch journal, and 4 
inch wheel fit, weighing about 280 pounds finished. Cars weigh- 
ing 20,000 pounds with these axles have been running for a number 
of years, and have given good results, carrying 30,000 pounds of 
freight, and axle-breaking has been of rare occurrence. The axle 
might be improved by increasing the journal to oj inches diameter 
so as to secure greater amount of wear. 

Mr. Boon writes further : " I am not favorably impressed with the 
Master Car Builders' Standard, believing it to be heavier than neces- 
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sarj. The heaviest cars I have knowledge of, carried on four pairs of 
wheels, weigh with wheels 20,000 pounds; less wheels and axles, 
14,680 pounds ; weight with load, 44,680 pounds. This would give on 
each 3J by 7 inch journal 5,585 pounds. The breaking weight of this 
journal, with weight in center of length, is 54,000 pounds ; weight 
on outside end of journals 27,000 pounds. Supposing the whole 
weight to be thrown on outside end of journal, their remains a mar- 
gin of 21,415 pounds between the load and breaking weight. Same 
with the four-inch wheel fit, weight being about the same as on 
journal. The breaking weight inside of wheel fit will be about the 
same, leaving same margin of 21,415 pounds between load and 
breaking weight. The breaking weight given here is the theoretic 
weight ; I believe in practice it will be found too low. This 
strength appears to me to be ample and leaves margin for yet 
further increase of load. But it will be urg^d that these axles have 
broken ; certainly they have, and I have knowledge of several axles 
breaking in six-wheel trucks which had 3J inches diameter by 8 
inches long journal and b^ inch wheel seat. Taking the average, 
the breaking of these made a very bad record. There were but 
thirty of them on the road ; two breaking out of the thirty, while 
of some 1,500 standard wrought iron axles, 3J by 7 inch journals in 
six-wheel trucks, there was not one broken during the whole winter. 
Again, the standard axle of this road weighs 280 pounds finished, the 
Car Masters' 350, therefore the latter axles in our car would weigh 300 
pounds more than the former. The Car Masters' Oil Boxes weigh 
for one car 644 pounds, whereas those of our standard weigh only 
440 pounds, or a difference of 204 pounds in favor of the latter. 
The Car Masters' brass weighs 10 pounds, our standard 9 pounds, 
or eight pounds per car less than the Car Masters', or a total ex- 
cess of 502 pounds per car. The cash value of this excess of 
weight is $11.39. This does not include the cost of changing 
the arch bars, bolts, etc., which cost should be added. This excess 
of weight and of value for one car is a small item ; but when it 
comes to be charged to the entire equipment of a road it becomes a 
very large sum, which few if any roads would be able to stand." 

It should be noted that Mr. Boon is in error about the weight of 
the Master Car Builders' Standard Axle. As made for the New 
York Central Eailroad it weighs finished only 335 pounds instead of 
2 
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350, as given by Mr. Boon. The difference in weight for one ear 
between his axles and the latter would be 220 pounds, not ^0. 
Mr. S. J. Hayes, of the Illinois Central Bailroad, writes as 

follows : 

Illinois Central Railroad Company, 

[Office of Superintendent of Machinery.] 

Chicago, March 27, 1879. 

Jamis Sedolet, Esq., Gen'l M. M., L. S. <& M. 8. B. B., 
Cleveland, Ohio : 

Dear Sir — Replying to the circular of your Committee regard- 
ing the best form and proportion for a Standard Car and Tender 
Axle, I submit the following as the result of my experience : 

1st. 4,894 freight; 171 passenger; 5,065 total cars. 
2d. 212 engines. 

3d. We use but one form of axle for tenders, passenger, and 
freight oars, of the dimensions shown in the following sketch : 
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Gauge of Track 4 fee B% inches. 

4th. This is the only axle we have used ; it has been oar standard 
for twenty- five years, and has given the best results. I have never 
known one to break with fair ^sage, and we have axles now in ser- 
vice under freight cars that have been in use for twenty years and 
are still in good condition. Under tenders and passenger cars their 
service is limited to two and one-half years ; they are then transfer- 
red to freight cars and run until the diameter of journal is reduced 
to three inches, when they are removed from service. When made 
of a good quality of iron, and for a maximum car load of twelve 
tons, I consider it the best form of axle I have seen. 

5th. Were the maximum car load limited to twelve tons I should 
not, considering the experience I have had with our present axle, be 
in favor of making any change in its dimensions ; but the tendency 
being to heavier loads, will, when the practice becomes generally 
adopted, necessitate larger and stronger axles. For this reason I am 
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in favor of a standard axle for all roads which will he of sufficient 
strength to meet all the requirements of traffic. For this standard 
I would recommend the following dimensions: 

Length over all, 82J inches ; journals, 3J by 7 inches ; diameter 
at wheel seat, 4^ inches; distance from center to center of journals, 
74 inches. I am not in favor of increasing the distance from center 
to center of journals, believing it to be much safer and less destruc- 
tive to the axle to have the bearings kept close to the wheel seat. 
My reasons for this are that an axle with outside bearings is, when 
loaded, subject to a strain which springs the axle in a degree pro- / 
portionate to the load and distance of the bearing from the wheel 
seat ; the ratio of this deflection is not exactly known, but the fol- 
lowing experiments, made in the summer of 1877, will serve to show 
to what extent an axle is sprung when a car is heavily loaded. 

A new axle, with new wheels faced on inside, of the flanges, was 
placed under an eight-wheeled coal ear. The measurements given 
were taken with a steel gauge, and represent the difierence between 
the flanges at the top of wheels and near the rails : 

1. With weight of truck only •• -j^ inch. 

2. With weight of car body only *. -^^ ** 

3. With load of 10,000 pounds all in one end over the wheels 



measured -^^ 



4. With load of 20,000 pounds evenly distributed on car /^ 

5. With load of 25,750 pounds evenlv distributed on car 

6. With load of 36,000 pounds evenly distributed on car 
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These results, I think, show the necessity for keeping the bearings 
close to the wheels. 

The journals of the axle we are using can be lengthened to seven 
inches without changing the distance between their centers. On 
most of the foreign cars I have examined the journal boxes can be 
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placed much closer to the wheels, than seems to be the general prac- 
tice, and ample allowance ma^e for end play. 

6th. I object to lengthening an axle any more than is absolutely 
necessary. With 4 feet 8^ inch gauge of track a car axle 82J inches 
in length is as long as is needed. Journals 3^ by 7 inches are suffi- 
ciently large, in my opinion, to safely carry a maximum car load of 

fifteen tons. 

Yours truly, 

S. J. HAYES, Supt. Machinery. 

During the past year the Chairman of this Committee had a series 
of experiments made on the different divisions of the Lake Shore 
Railroad, to determine the relative wear of brasses on axles with 3^ 
by 7 inch and 3f by 7 inch journals. The records of these experi- 
ments are submitted herewith, and are recommended to be printed 
with this report. The result may be summarised as follows : On 
the Buffalo Division, two axles with 3^ by 6 inch and two with 3^ 
by 7 inch journals were put under two tenders. The 3J inch jour- 
nals run the front and back axles of the two trucks, and the small 
journals were in the two middle axles. The average loss of weight 
of brass in the large journals in running 11,760 miles was 14|^ 
ounces, and the average loss of the brass in the small journals was 
6f ounces. On the other tender in which the journals were arranged 
in the same way, the large journals each lost 1 pound 7^ ounces, 
and the small ones lost 12^ ounces. The wear of journals was 
almost exactly the same in each case. 

On the Western Division of that road similar experiments showed 
an average loss in weight of two, 3 J by 7 J inch -journal bearings, of 
2 pounds 8^ ounces, and an average loss of four, 3J by 7 J inch-bear- 
ings, of 1 pound 5J ounces. On the Cleveland Division, the average 
loss of weight of the 3f inch brasses was 3^ ounces, and the small 
one 4^ ounces, in running 8,225 miles. 

Of the advantages which would result from the adoption of a 
common standard for car and tender axles, the Committee do not 
think it is necessary to speak, as they are sufficiently obvious ; nor 
is it, perhaps, so important that the best possible standard should be 
adopted, as that , the railroad companies should be led to agree on 
some one standard. It was for the purpose of bringing about 
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agreement that this Committee was instructed *' to confer with the 
Master Car Builders or any other parties." 

A meeting was therefore called and held in New York, on April 
17th. There was present at that meeting Mr. F. D. Adams the 
Chairman, and Mr. S. A. Davis, a member of the Car Builders' Com- 
mittee; Mr. McCallum the Secretary of the Eastern Railroad Asso- 
ciation; Mr. Cloud, of the Pennsylvania Bailroad; the Chairman 
and Mr. Hudson of your Committee, and Mr. Forney, a member of 
both Committees. 

After full discussion it was found that all present were agreed in 
recommending the present longitudinal dimensions of the Master 
Car Builders' Standard Axle. The members of the Master Car 
Builders' Committee who were present at the meeting were all in favor 
of recommending the other dimensions of that standard. Part of your 
Committee, however, were of the opinion that a smaller axle would 
be preferable, and were therefore in favor of recommending a stand- 
ard of the same length as the Master Car Builders', but \ inch smaller 
in diameter all through. 

As entire agreement seemed impossible, the members of the Mas- 
ter Car Builders' Commitee who were present adopted the following 
resolution : 

'' JResolvedf Tliat the members of the Committee on Standard Axles of the 
Master Car Builders' Association at the meeting held April 17th, in New 
York, recommend preferably the adoption of the Master Car Builders' Stand- 
ard Axle; but in case the Master Mechanics' Association will not agree to 
this size, the Committtee will concur in recommending the adoption of a 
standard of which the lonj^itudinal dimensions are the same as the Master 
Car Builders' Standard and the diameter i inch less." 

Your Committee, therefore, propose the adoption of the following 
resolution by this Association : 

"Ilesolvedf That the American Railway Master Mechanics* Association recom- 
mend the adoption^ by railroad companiesy of the longitudinal dimensions of whai 
is known as the Master Car Builders* Standard Axle, as a eommcm standard for 
axhsfor all new or reconstructed tenders and cars" 

It is for this Association to determine whether it would be wisest 
to recommend as a standard for axles the same diameters as those 
which the Master Car Builders' Association has adopted, or whether 
the diameters should be smaller or larger. If it is determined to 



22 

concur with the Master Car Builders' present standard, it can be 

done hy the adoption of the above resolution, after first striking oat 

the word ** longittuiinal" 

JAMES SETXJELY, 1 
H. L. COOPER, 
M. N. FORNEY, 
W. 8. HUDSON, 
JAMES BOON, 



• Committee. 



The Secbetabt — Mr. President, there is also a minority report. Shall it 
be read now? 

The Paesident — Is that minoritj report from the Committee upon 
Standard Axles. 

The Secretabt— Yes, sir; and I think it shoold be read now as it is a 
continuation of the report of the same Committee. 

Supplement to Report of Committee on Standard Car and 

Tender Axles. 

To the American Railway Master Mechanic^ Association: 

Gentlemen — In addition to the report of the Committee on 
Standard Axles I desire to submit the following : 

It may be safely assumed that twenty years ago that an axle with 
journals 3^ inches in diameter and 6 inches long was regarded as the 
best, or very good proportions, for eight-wheeled cars weighing about 
17,000 pounds and intended to carry 20,000 pounds of load. The 
breaking weight for this or any other journal may be determined by 
the following rule : Multiply 3.1416 hy h^^^^^^ and the product hy 
the cuhe of its radius and then divide hy twice its length. Calculated 
by this rule the weight required to break otf a journal of the above 
size would be 56,127 pounds. The total weight of such a loaded 
car would be 37,500 pounds, and the weight of the wheels and axles 
would be 5,000 pounds, so that the weight on each journal would be 
a little over 4,000 pounds, and the breaking strength of this journal 
would be dihoxkt fourteen times that of its load. 

This, as I have stated, was considered good practice twenty years 
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ago. The bearing surface on such a journal meaRured in the diame- 
ter would he 3J X 6 =: 19J square inches, so that the journal carried 
a little over 200 pounds per square inch. 

At present the practice is to build cars which weigh 20,000 pounds 
and carry 30,000 pounds of load ; deducting 5,500 for the weight of 
the wheels and axles and we would have a total weight of 44,500 
pounds, or a little over 5,560 pounds on each journal^ If then we 
have the same margin of strength in the axles for the cars of the 
present day that we had twenty years ago, the journals should have 
a breaking strength of 5,560 X 14 = 77,800 pounds. A 3| by 7 
inch jiournal would require 74,014 pounds to break it, so that it has 
somewhat Zess margin of safety than the 3^ by 6 inch journals had 
twenty years ago. 

Let us see about the bearing surface in the old cars : as was 
shown there was a square inch of surface to each 200 pounds of 
load in the old cars, so that for a load of 5,560 pounds we ought \.o 
have 27 square inches of surface. A 3 J by 7 inch journal has only 
26J square inches of effective bearing surface, I am, therefore, of 
the opinion that for the loads which are now carried that the Master 
Gar Builders' Standard is rather too small than too large; and, con- 
sequently, it would be a great mistake to diminish it in size. 

In 1873, when the present standard was adopted by the Master 
Car Builders' Association, I was asked to state what size of journal 
I thought should be adopted for a standard axle. I was then alone 
in recommending a journal 4 by 8 inches. I still believe that would 
be in every way the best size ; but, be that as it may, it is to be 
hoped that this Association will not go backwards and recommend a 
standard axle smaller than the one which has now come into consid- 
erable use. If any change is made it would seem desirable to make 
it in the other direction, and increase, rather than diminish, the size 
of the Car Builders' Standard. 

M. N. FORNEY. 
I concur in the above. W. S. HUDSON. 

The President — Gentlemen, you have heard the report of your Com- 
mittee upon Standard Car and Tender Axles, what is your pleasure in regard 
to it? 

Mr. JoHANN, Wabash Bailroad — I move that it be received, with the 
understanding that receiving the report does not dispose of the question. 
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The President — No, sir, it doea not. 
Motion carried. 

The President — Gentlemen, the question is now open for diflcussion. 

Mr. Sedglet, Lake Shore & Michigan Southern Bailroad — Mr. President, 
as you all very well know a large number of the members hold extreme 
views in regard to the best axles to be adopted by our Association, perhaps 
it would be well for me to state the reasons for the conclusions we have 
formed. As we took the usual form of issuing circulars, and as the subject 
is so simple, it would seem a very easy matter for the members to state their 
preference, but I am sorry to say we received only seven replies to our cir- 
cular. We also had a meeting in New York with the Committee of the 
Master Car Builders' Association, where we discussed the matter extensively. 
It was evident from the information we then had that we could not agree 
upon the Master Car Builders' Standard. We felt safe to recommend the 
longitudinal dimensions, but we could not decide upon the diameter of the 
axle. Some of the leading: roads have a great many cars with 3J inch 
journals, and it seemed impossible for us to agree to make the journal 3f 
inches, so we left the matter in that way and have submitted our report ac- 
cordingly; and, as it is a matter in which we are all interested, I hope the 
subject will be thoroughly discussed and voted upon to determine whether 
we will adopt the Car Builders' Standard or some other diameter for our 
axles. I would say on the part of the Master Car Builders' Committee, that 
while at their Convention they recommended 8f inches as a standard journal 
and 3^ inches for the wheel fit, they agreed in case the Master Mechanics' As- 
sociation would not adopt it to recommend a modification of their standard, 
making it 3f incHes for journal and 4f inch wheel seat. It is now for this 
Convention to determine whether they will adopt their standard, and I am very 
anxious to hear from the members on this point. In regard to the supple- 
mentary report of the Committee, which I hope will be received and printed 
with the proceedings of this meeting, I would say those men, perhaps, held 
extreme views in regard to the axle. Apparently the axle 7 by 3J inches is 
not any stronger to-day than 3 J by 6 inches was twenty years ago. It does 
not give the bearing surface, if we accept 30,000 pounds as a load for a car 
and take into consideration the character of the road. 

Mr. JoHANN, Wabash Bailroad — Mr. President, I conclude thai receiving 
the report and supplement simply brings the matter before the Associa- 
tion. If this is correct, it is no more than right that they should go 
into print. I am very well pleased, indeed, that these reports on the axle 
question read as they do. My opinion in regard to a standard axle is, that 
although a standard may not be the best, it is decidedly preferable to 
having no standard at all ; and unless we enter into this matter with a 
spirit of compromise I do not see how we are ever to arrive at any definite 
conclusion. I think we have had this question under consideration long 
enough, and I would like to see the members enter into a hearty discussion 
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of it and then come to some definite decision. I have already given 
my written opinion on the subject to the Committee in charge of this 
question. A few years ago I had a great variety of dimenslpns in tender 
axlesj which were continually causing me a great deal of trouble. I finally 
laid the matter before our officers, and they consented to my atlopting the 
Master Car Builders* Standard Axle for my tenders. I have eighty-two 
engines under my charge, and when I began to adopt the standard I an- 
ticipated much difficulty and expense in making the proposed change, but 
was agreeably surprised at the comparative ease and economy with which 
the change was brought about. At the same time I adopted the standard 
axle I designed and adopted a standard truck complete, with thirty-three 
inch wheels, and was very much surprised at the rapidity with which our 
tenders became uniform, and what an advantage such uniformity pos- 
sessed over the old system. With the great variety of tender trucks and axles 
formerly used, a large amount of round house and night and Sunday work was 
required, which under the present system I am enabled to entirely dispense with 
as I now keep two spare trucks on hand, and when a tender requires truck 
repairs I take them out and put in my spare trucks, and repair those that are 
broken at my leisure, without working my men overtime, nights or Sundays, 
which I claim to be a great saving. This radical change can not be brought 
about at' once, but must come gradually. We all know, however, that in the 
course of a year there is a certain proportion of our machinery that becomes 
so worn down that it is necessary to throw it out of service, and if any 
member will begin to replace his worn-out or broken tender axles with the 
standard, he will be astonished to find with what facility he is able to intro- 
duce it without discarding any good material, and before he is aware of 
it he will have the standard extensively in use. Our road has adopted the 
the Master Car Builders' Standard simply for the sake of having a uniform 
standard. I do not exactly agree with the Committee report that recom- 
mend retaining the Master Car Builders' length of journal, but advocate a 
smaller diameter as to the dimensions for a standard; and although the 
dimensions of the standard axle now before the Convention may not be 
the best, yet it is decidedly better to accept them than remain without. a 
standard. I simply desire uniformity in our trucks by having a uniform 
axle, which will prevent the necessity of keeping a large number of axles 
in stock. I think that many of us will live to see the time when all the 
roads will have a uniform standard, and that it is our duty as an Association 
to extend our influence towards bringing about such a change. In my opin- 
ion, as the Master Car Builders' Association has adopted such a standard, and 
as they are willing to compromise with us upon a size, it is no more than 
right and proper that we should concur with them, and that every member 
begin at once to work it into use. If this is done, in three or four years you 
will be astonished to see how universally the standard axle has spread 
itself among the various roads. This is not a question of the one-sixteenth 
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or even the one-eighth part of an inch, but the question is on a standard for 
all railroads in America, so that if I get a car from the New York Central 
or the Union Pacific that requires a new axle or brass, I will not have to 
wait and send for one before I can forward the car to its destination, for with 
a standard truck I would be enabled to slip the axle ^ or brass out and put 
in others without detaining the car more than an hour or so, where other- 
wise it would be detained for days. 

Mr. SiM0Ni>8, Cairo & St. Louis Railroad — Mr. President, I think it is very 
important that a standard axle should be adopted. As Mr. Johann says, you 
can not effect it all at once, but the time seems now to have come when some ac- 
tion should be taken and a standard axle adopted. The question with me is, 
are we not increasing the weight of our rolling stock beyond the increase of the 
carrying capacity ? Now I would like to ask any member present if he has 
ever known of a 3|^ inch journal, without defect, to break by fair usage. ] 
should be very glad to see a standard axle adopted ; but unless we can 
increase our carrying capacity I would be in favor of a smaller axle. I 
have never known one of our axles to break under fair usage, although our 
present size is smaller than the standard. Will we gain any good results 
in the end by having a standard axle beside unifomity ? If we can not run 
oar machinery with the same economy now that we could twenty years ago 
with the same capacity, we are not making much headway. We all know 
that the weight between the spring and the rail is very great, and I would 
like to know if we are not adding more superfluous weight by adopting this 
axle unless we are getting a better carrying capacity. 

Mr. White, Evansville & Craw fords ville Railroad — Mr. President^ 
in regard to breaking 3} inch journals I do not think we have ever broken 
any on our road, but it seems to me too small a size to commence with. It 
b now about six years since we put 3} inch journals under our coaches. I 
enlarged our a^les and journals with very good results. We have never had 
any trouble with hot journals since running the larger journals, and I find 
brasses wear a great deal longer now than before. My foreman handed me 
a statement as I was coming away, which he had been keeping of the mileage 
of brasses. I find one that has run 18,000 miles and is not worn very much 
either. Our axles are a little lighter than the standard ; still I am not 
opposed to the standard. I think it is a move in the right direction. We 
should get our bearings as near the wheel as possible and give room for 
the boxes. Of course the nearer we have it to the wheel the less diameter 
we will require in the center to keep th^ axle from springing. 

Mr. SiMONDB, Cairo & St. Louis Railroad — Mr. President, I do not wish 
the members to understand that I favor a 3} inch axle, I only speak of it as 
a size that has been in use for a long time. I do not object to a 7 inch 
journal. The question is : shall it be over 3} inches in diameter, or shall it 
be the same as the old axle in use twenty years ago? 

Mr. Wabben, St. Louis, Alton & Terre Haute Railroad — Mr. President, 
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I started out with 3 by 5} inches, and from that I went to 3J by 5} inches, 
and from that to 8} by 6 inches; but for the past seven years I have adopted 
3} by 7 inches with 4 J inch wheel seat, and we can carry from twelve to 
seventeen tons in our cars without any difficulty. I should be in favor 
of that size as it does not necessitate a very large expense in changing the 
truck. 

Mr. Ortton, Canada Southern Bailroad — Mr. President, I am in favor of 
the Master Car Builders' Standard 7 by 3f iiK^es. I was present at their 
meeting when this question came up. They were willing to concede i of an 
inch, in order that uniformity might be obtained between the two Asaocia-' 
tions. I think they have shown a disposition to harmonize the opinions of 
each, and I am not in favor of throwing obstacles in the way of adopting a 
standard axle. I think it is a matter of courtesy that this Association 
should join in recommending their sizes. You deem the longitudinal 
dimensions correct, and the only difference is in the wheel seat. If the i 
inch would be an advantage to us they are even willing to concede to that. 
Where you have a small journal your oils clog up and you have hot boxes. 
Mr. Simonds has stated that if the axle gets fair usage it will not break. I 
have seen a number of axles break at the journal without getting hot, and 
for this reason I would prefer even a larger size than the Car Builders' 
Standard; but I am willing to compromise, and if this Association fails to 
take action in regard to this matter it will l)e for the want of a little courtesy 
and nothing else. As for myself I shall vote to adopt the Master Car 
Builders' Standard. 

Mr. Black, Dayton & Michigan Railroad — ^I move that the Master Car 
Builders' Standard Axle be adopted by this Association. 

Mr. Selby, St. Louis, Kansas City & Northern Bailroad — Some years ago 
we had axles on our road 8| by 6 inches, and we found after three or four 
years wear that a great many of them broke, many of which were made by 
first-class manufacturers, and some of them were not over four years old. 
We then adopted an axle 4 by 7 inches, and we have had these in service for 
eight years and have never had any trouble with them, and when we wanted 
some additional cars in our equipment our people thought it best to get some- 
thing by which we could carry from twelve to sixteen tons in a car, and at 
the same time secure uniformity, and eventually decided upon the standard 
axle as the one they wanted. • 

Mr. JoHANN, Wabash Bailroad — Mr. President, I hope my friend, Mr. 
Black, will not press his motion to adopt and* so curtail the discussion, for 
the reason that this question is the most important one we have before us at 
this session, and I desire sufficient discussion to enable us to arrive iit some 
definite conclusion. I would therefore suggest that Mr. Black withdraw his 
motion, and that every member present be requested to express his views 
upon this subject. If he still insists on his motion, I shall move to amend 
it, making this subject a special order for 10 o'clock to-morrow morning. 



28 

The President — It will be necessary for Mr. Black to withdraw, or else 
we must vote on his motion. 

Mr. Black, Dayton & Michigan Railroad — Mr. President, I will withdraw 
my motion, but we have spent too much time already to-day on this axle 
question. 

The President — Will your second also withdraw ? 

Mr. Black, Dayton & Michigan Kailroad — Yes, sir. 

Mr. JoHANN, Wabash Bailroad-^Mr. President, as Mr. Black has with- 
drawn his motion, I would say that the four trunk lines, as we call thera, or 
rather three of them — the New York Central, Erie and the Pennsylvania 
Central — may possibly be prevailed upon to adopt the lensrth of the Master 
Car Builders' Standard. If that can be accomplished I will vote for that 
standard for the sake of getting the axle question into some shape. If such 
lines as the above will consent to adopt the standard there will be no trouble 
about brin&fing it into general use, because it is an absolute fact that these 
lines are the most important in America, and probably control the largest 
number of cars of any other three companies. I have not the least doubt 
but that the Master Car Builders would be willing to recede from 3f inches 
80 as to make a compipmise with this Association, and, therefore, I hope all 
the members will take it under consideration until to-morrow morning. 

Mr. Black, Dayton & Michigan Kailroad — Mr. President, I would like to 
know if Mr. Johann is going back on the standard axle he has been advo- 
cating in this Convention for several years. 

Mr. Johann, Wabash Railroad — Mr. President, I go back on nothing. 
I would prefer a 4 inch journal for a standard, as that would not necessitate 
any change in my journal boxes. I can use 3f inches and wear it down to 
3} inches, and then I will be standard ; but I hope the question will be post- 
poned until to-morrow morning, so as to give all the members plenty of time 
to take the matter under consideration, and I think, as I said before, that if 
the trunk lines can be prevailed upon to adopt this axle it will not be very 
long before it will hftve come into general use. 

Mr. Wiggins, Houston, East & West Texas Railroad — Mr. President, 
I am a member of the Master Car Builders' Association and was at the 
meeting when the standard axle was adopted, and we had a very warm dis- 
cussion on it then, and we have had the subject before this Association for 
several years, and it scenes to me we are spending time for nothing discussing 
an eighth or a sixteenth part of an inch while there is more important bus- 
iness to attend to. We should decide this matter at once. I think the Car 
Builders' Standard comes nearer to what is in general use than anything we 
have and, therefore, I am very anxious that we should come to the point and 
settle this question forever for the members. 

Mr. Setchel, Little Miami Railroad — Mr President, I do not think we 
have any business of more importance than the one we now have under dis- 
cussion. • 
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Mr. Spbaoue, Porter, Bell & Co. — Mr. President, I think, from what has 
been said about this matter, we had better adopt the Master Car Builders' 
Standard as they now have it. The principal objection seems to be in the 
size of the journal, and it seems to me that this i of an inch does not amount 
to any thing; 7 inches by 3| inches in length will not be too heavy. Some 
roads wear their journals ^ of an inch before rejecting them, and if you 
adopt 3f inches after it wears down to 3^ inches, those desiring that size will 
still have it, and as some roads wear their journals much smaller we will 
have almost any size you want. 

Mr. Wakren, St. Louis, Alton & Terre Haute Bailroad — Mr. President, 
there is no objection, as Mr. Sprague says, of adding ^ of an inch to the 
journal. I think if we adopt the Car Builders' Standard in length, they will 
in all probability make it 3} inches, although I think 3J inches is not too 
large. It can be easily worked in boxes for 3} inch journals, and you will 
still have sufficient space for the collar of the axle, and it is just the same 
with the tenders, 3} inches will work in between them. If the small jour- 
nals get fair usage there will be no trouble, but the difficulty is they don't. 

Mr. SiMONDS, Cincinnati & St. Louis Bailroad — Mr. President, in my re- 
marks about the fair usage of journals, what I meant by fair usage was 
proper care in the hauling of ordinary traffic. What I call unfair usage is 
allowing them to get off the track and run with hot boxes. On all roads 
more or less of the rolling stock has to be renewed every year, and if the 
Master Car Builders' Standard is adopted I do not see why it can not be 
used to replace as well as any other. 

Mr. Sedgley, Lake Shore & Michigan Southern Bailroad — Mr. President, 
I am glad to hear this discussion in regard to the axle, but I would have the 
gentlemen bear in mind that the matter of which we have talked about 
more or less at this session is not the size of the axle each one would prefer, 
it is the amount of difference requisite in carrying loads. Some gentleman 
remarked that it is not known what the trunk lines will adopt. Now it is 
well known that the New York Central has adopted the Master Car Builders' 
Standard, also the Boston & Albany. The Pennsylvania Central has inti- 
mated that they would come to a 3} by 7 inch journal with 4^ inch wheel- 
seat, and I think the Erie Bailroad will adopt the same. I hope the 
gentlemen will weigh this matter, and if we adopt a standard axle we will 
select a standard that the leading roads will adopt, and that it will be adapted 
to the convenience of all roads where there is a large interchange of cars 
throughout. Although I have nothing to do with the cars on our line I am 
aware that there is a great inconvenience in the multiplicity of axles, which 
causes considerable trouble and expense to keep different sizes and lengths on 
hand ; therefore, I am willing to make concession for the axle that the principal 
roads will adopt, and judging from the replies received by the Committee 
there is little doubt about the length of the axle. There is no doubt the adop- 
tion of it would be important to new roads in ordering rolling stock to 
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know what kind of axles would be best adapted to an interchange of cars. 
It is also of importance to remember that the journal should be close to the 
hub of the wheel. While we may not do a great deal in bringing a standard 
into general use, still I have given considerable thought and attention to it, 
and the gentlemen who composed the Committee when we came together came 
with the determination to settle this question if possible. I am glad to say 
that while the Master Car Builders' Committee were men who held extreme 
views in regard to large axles, they were willing to make concession if we 
could agree with them upon something else. I hope all the members pres- 
ent will see this matter in the same light as the Committee, and lay aside 
personal preference, to a certain extent, for the purpose of getting an axle 
that will be adopted by a large class of the roads or a majority of the roads 
in the country. 

Mr.,KiNG, Western Bailroad of Alabama — Mr. President, there is evidently 
a tendency among the Master Mechanics to increase the size of the journal. 
Two years ago our journals were SJ by SJ inches, now the last new cars we 
got were the Master Car Builders' Standard. I am not prepared to say 
whether our road will adopt their axle or not, but all that we have received 
lately have been of this pattern. 

Mr. Ortton, Canada Southern — Mr. President, we can not expect every 
line and every road to adopt the standard axle all at once; that is impossi- 
ble, and no road can afford to do it. I am in favor of anything that will 
make concession ; but I do not think I of an inch in diameter will make any 
great differencce with the members of this Association. We can not do any- 
thing in regard to it but to express our opinion. We can not say to our 
superior officers we are going to adopt this thing. To adopt it here is simply 
to express our opinion in favor of it. 

The President — Gentlemen, the hour of 12 o'clock has arrived, which, 
according to a resolution adopted by this Association, is the time for the in- 
troduction of any subjeets that may have been presented for discussion. 

Mr. JoHAXX, Wabash Bailroad — Mr. President, before we proceed, I move 
tha,t the discussion on Standard Axles be postponed and made the special 
order for 10 o'clock to-morrow morning. 

No second. 

The President — It has been our custom about this hour in the day to 
take a recess of ten minutes, and any questions that may be desired can be 
handed in during that time. 

On motion, the Convention took a recess of ten minutes. 
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, AFTER RECESS. 

The President — If there is no objection the first business in order will 
be the report of your Finance Committee on Assessment. The Secretary will 
please read the report. 

The Secretary then read the report. 

Report of the Finance Committee. 

To the American Railway Master Mechanics' Association: 

Gentlemen — Your Committee appointed to examine the accounts 
of the Secretary and Treasurer, would report that they have attended 
to that duty and find their reports correct, and we would recommend 
that an assessment of $5 upon each member be made to defray the 
expenses of the coming year. 

Very respectfully, 

GEO. RICHARDS, 1 

JACOB JOHANN, V Committee, 

J. DAVIS BARNETTj 

On motion, the report was adopted. 

The Pbesident— Mr. Secretary, has there been any questions handed in 
for discussion ? 

The Secretary — No, sir. 

The President — Then the next business in order is the continuation of 
the discussion upon Standard Car and Tender Axles. 

Mr. Hewitt, Toledo, Peoria & Warsaw Railroad— Mr. President, I, for 
one, would like to hear the experience of every Master Mechanic present in 
regard to what he thinks is the best standard axle. When I assumed control 
ot the motive power of the road which I represent, I found a variety of 
axles, which I think would astonish any Manter Car Builder. My foreman 
and I came to the conclusion that a standard should be one. that could be 
used for cars and tenders, which would not only be a benefit to our individ- 
ual roads but it should be arranged so as to make it a mechanical improve- 
ment. In looking around we found nothing better than the Master Car 
Builders* Standard, which we adopted, and to-day I have nearly all our lo- 
comotives and tenders equipped with this axle. Previous to the adoption 
of this standard we had axles from 3^ by 5 to Z^ by 5| inches in length, 
^ome of them were replaced under what is known as the iron truck, or an 
old truck, that used to be built by the Rogers Locomotive Works, which, of 
course, placed the axle more rigid than under the present plan. We had 
two or three accidents on the road with these trucks, and with small axles, 
which laid out our passenger trains and caused considerable delay, besides 
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destruction to property, and under these circumstances we undertook to 
select something that would be strong enough to sustain the loads we were 
carrying. We are all aware that the business on every road is running 
lower every day by competition, and that it will be required of us to do 
more work with engines and to increase the capacity of our cars so as to 
carry heavier loads. When we do this we will have moved in the right di- 
rection and save expense to the companies we represent. 

Mr. Flynn, Western & Atlantic Railroad — Mr. President, there is another 
thing to be considered in regard to this axle, that is the gauge of the difier- 
ent roads. Now in the South our gauge is 5 feet while the gauge East is 4 
feet 8i inches. I remember at one time, when I had charge of a road, I 
made an examination of the different kinds of axles and found ihat I had 
nine dififerent sizes in use. I think it becomes essentially necessary to adopt 
a standard axle, and if we do adopt one we should adopt that which will be 
most easily adapted to the dififerent kinds of trucks in use. Since X858 1 have 
never had an axle break, and since that time our axles have ranged from 
Zi to 3| inches by 6 inches in length. I would have no material objection to 
the adoption of a standard axle, but I doubt very much whether one could 
be very successfully adopted for all gauges, and it strikes me very forcibly 
that if the Association adopts a standard it must adopt one that will suit 
either 5 feet or 4 feet 8J inch gauge. While I have no great objections to 
the Master Car Builders' Axle, I have some little objection to the expense 
of heavier axles which is something we should all take into consideration. 
We should establish an economical precedent in adopting anything new. In 
conclusion, I would say that I have no objection to a standard if one can be 
adopted to suit the majority of the roads of the United States. 

Mr. JOHA.NN, Wabash Eailroad — ^Mr. President, I believe there is a gauge 
difierent from what we call the standard gauge; but to come to the point in 
regard to Mr. Flynn's remarks, I simply wish to say that I think we will all 
probably live to see the time, and before a great while, when Mr. Flynn's road 
will adopt the 4 feet 8^ inch gauge. Of course it is impossible to bring this 
standard axle into use on roads where the gauge is 5 feet unless the gauge 
be changed to the standard gauge, which is 4 feet 8^ inches, and I hope the 
5 ieet-gauge men will take a stand and advocate the adoption of the ^"Amer- 
ican Standard Axle" for the time will soon come when the circumstances of 
traffic will render it necessary to reduce the 5 feet gauge to 4 feet 8^ inches. 

Mr. Sedgley, Lake Shore & Michigan Southern — Mr. President, 1 wish 
to make a statement for the Committee in regard to our report for a standard 
axle. We should have said it was a 4 feet 8} inch gauge. In the inter- 
change of wheels in cars from 4 feet 8 J inch to 5 feet gauge the journal does 
not tit in the boxes, but you can use the same axle by varying the wheel 
seat. 

Mr. Sprague, Porter, Bell & Co. — Mr. President, I think the same axle 
can be used except as to the distance between the wheel seats. 
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Mr. Wells, J^ffersonville, Madison & Indiaimpolis Railroad — Mr. Preai- 
d«Bt, nearly twenty-six years ago, when I took <^arge of the machinery of 
the road which I now represent, the standard axle used then was 6 feet 6 
inches in length, with a jonrnal 5} by 3j^ inches. We had these axles in nse 
until about thirteen years ago, when we experienced some trouble with jour- 
nals and brasses heating under our heavy cars, and we then adopted a stand- 
ard 6 feet 9 inches in kngth with journals 7 inches long by 3} in diameter, 
which we have continued to use up to the present time. But in the meantime 
we have increased the journal of new axles -J of an inch, and we have 
to-day much better results from the use of large journals than we 'had 
with smaller ones. I have always been in favor of large journals, which 
the proceedings of tliis Association will show ; and I think the objec- 
tions that I have heretofore made to the Master Car Builders' Standard 
was not against the size, but in the length of the journal and the total 
length of the axle, as it brought the center of the journal farther out 
over the rail than is necessary. If the jonrnal could be made 7 ^ inches 
outside the rail, or if that could be shorter; for instance, if you shorten 
one inch on each end you will have the center of the journal some ten 
per cent, less distant from the center of the bearing on the rail, and there 
will be less strain upon the axle. Now, as to the adoption of some particu- 
lar size, I do not think it is of much matter, but there is a little objection 
to the adoption of the Car Builders' Axle because some fear it is too long ; 
some say that 6 feet 9 inches and others that 6 feet 9^^ inches is long enough 
whej'e the journal is 7 inches. We experience no difficulty in getting 
our boxes in far enough to use 7 inch journals on a 6 feet 9 inch axle. Other 
roads started out with a larger axle^ larger than was really necessary, but 
adopted it at any rate. The Pennsylvania lines, I think, have axles about 
6 feet 11 inches. Now, if we are to have a standard, I consider it is not so 
much a question as to which is the best size, but which will be the most ex- 
pedient so as to conform to all the notions and views of the difierent roads. 
That being the case I am in favor of the adoption of an axle 6 feet 11 inches 
in length, which is less than the Master Car Builders' Axle ; but my expe- 
rience has been that more axles have been thrown out of service from worn- 
out journals than any other cause. We find in repairing our freight cars, 
axles that are good enough to run for several years but the journals are too 
small, and I think if we can get 3| inches diameter that it is better than 3} 
inches, because you can use the axle for years and then it will be 3^ inches. 
If from any cause the journal requires to be trued up you have something 
to work on, which may be done several times before the axle is worn out. With 
these considerations my judgment goes to make the journal 3| Inches. If 
there are a number of roads in the country that can make the journal, say 
3f or 3} inches — ^ of an inch will not make any material difference, because 
on some roads you will find } of an inch difference in diameter of the 
journals whatever the standard maybe — ^I think we can all conform to thie 
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point if the different roads will adopt the standard length of axle. Leaying 
out the matter of expediency, I would make the standard axle shorter than 
the Master Car Builders' for the reasons I have given you, for although a 
large number of roads prefer an axle 6 feet lH inches and 6 feet llf inches 
they can all use 6 feet 11 inchfs. 

Mr. JoHANN, Wabash Railroad — Mr. President, I am very much gratified 
with the remarks of Mr. Wells. If we can all look at the matter in the 
light that he does we will come out all right. 

Mr. White, Evansville and Crawfordsville Bailroad — Mr. President, I 
think if we can get our journals lar^e enough we will have no great trouble 
with our axles, and after that we will have all the sizes desired. 

Mr. Hayes, Illinois Central Bailroad — Mr. President, it is a little sin- 
gular how slow we are to adopt anything new. In 1852, when I took charge 
of the machinery on the Baltimore & Ohio Railroad, we were using axles 
2} inches in diameter by 4} inches long. I recommended to Mr. Parker, 
the General Superintendent, that we should use a journal 3 inches in diameter 
and 6 inches long. He consented to tiike the matter into consideration, and 
in talking to the President he told him what I had recommended, and the 
President said, "Why that man Hayes will ruin your road if you let him go 
on.'' It went along some time and finally they adopted one 2| by 5 inches, 
and now I believe they are using one '6^ by 7 or 8 inches. In regard to the 
Master Car Builders' Standard, I do not exactly agree with them as to the 
size, but I agree with my friend Mr. Wells that we should be very careful 
not to get too far from the wheel. In our recent experiment, at Chicago, we 
found a difference between the top and bottom flange of the wheel of nearly' 
^ of an inch of a spring. Now every time a wheel makes a revolution 
there is a difference ol from -^-^ to ^^of an inch between the top and. bot- 
tom of the flange of the wheel, and it is only a question of time when this 
will break the axle. We have been very fortunate with our axles ; I do not 
know that we have had a journal break since I have been on the road, unless 
caused by a hot box or something of that kind. I think by adopting the 3| 
inch journal it will add largely to our carrying capacity of cars, and it is 
only a question of a few years when we will be required to carry from fifteen 
to twenty tons in a car, and therefore I think we should make the journal 
large and as close to the wheel as possible. 

Mr. Sedoley, Lake Shore & Michigan Southern Railroad — Mr. President, 
I hope the members will all bear in mind that in recommending the Car 
Builders' length, that if it is not the best, it is the one that may be the most 
easily adopted and most likely to coiue into general use. I realize the im- 
portance of what Mr. Hayes says about keeping close to the wheel with 
your journal, but for the sake of recommending an axle that probably a ma- 
jority of the roads would adopt the Master Car Builders' have adopted this 
axle, and the question now is for this Convention to decide whether we shall 
make any concession and adopt 83 inches, or whether we will reject it for a 
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shorter one with the probability that very few companies will adopt it. My 
own opinion is that we had better adopt the 83 inches, that length having 
grown out (rom the necessity of roads using a gau;;e of 4 feet 10 inches, and 
they can not well run on a shorter axle, and the expense of changing on the 
Pennsylvania and several other roads that are using it will be avoided. I 
hope we will treat this question fairly, and let each member lay aside his own 
private opinions with the view of doing the greatest amount of good to the 
greatest number of roads. 

Mr. JoHANN, Wabash Kailroad — Mr. President, I have used this axle for 
three years, and in all that time I have never experienced any difficulty from 
the journals. I think we can get in close enough to the wheel, at least I 
have experienced no trouble. The inside shoulder of the journal is pre- 
cisely in the same line with that on our smaller car axles, and we have 3} by 
6f inch journals. We have had no trouble from the springing of axles. 

Mr. Sedgley, Lake Shore & Michigan Southern Railroad — Mr. Presi- 
dent, I might state that we made a careful test in regard to the springing of 
the axles, and I had a tracing made to bring with me, but as Mr. Hayes 
had given the Committee the benefit of his experience I did not think it 
necessary to bring it. The axle we used was 4f inches in the wheel fit and 
4 inches in the center, which placed under a tender loaded with two 
thousand five hundred gallons of water and five tons of coal we found a 
variation of i of an inch between the flanges of the wheel ; but so long as there 
is not a permanent set in the iron I do not think this amounts to much. In 
the ten thousand cars we have in use many of the axles are small, a mnjor- 
ity of them being fitted up with journals 6 by 3J inches, and yet our axles 
give excellent satisfaction. I conceive it would be desirable to work as close 
to the rail as possible, and I believe Mr. Hayes recommends one inch 
shorter, 6 feet 10 inches, instead of 6 feet 11 inches, the Oar Builders' 
Standard. 

Mr. Wells, Jefferson vi lie, Madison & Indianapolis Railroad— Mr. Presi- 
dent, in the discussion of this subject it seems to me there is one other thing 
that should be considered, and that is the extension of the hub on the inside 
of the wheel. The further the hub is extended towards the center of the 
axle the less strain there will be upon the axle at the inside edge of the hub. 
As we have in contemplation the adoption of a long axle, it seems to me the 
hub on the inside might be extended an inch more than the usual distance 
and that would to a certain extent compensate for this additional distance 
on the outside of the rail, and in some degree this spring of the axle in the 
center. 

Mr. JoHA-NN, Wabash Railroad — Mr. President, I would move that we 
postpone further discussion upon this question and make it a special order 
for ten o'clock to-morrow morning. 

Mr. Hayes, Illinois Railroad— Mr. President, I second Mr. Johann's 
motion. 

Carried. 
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The Pbebident — Grentlemen, the next basiness in order is the report of 
joar Ckmimittee open Labricants, which the Secretary will please read. 

Report of the Committee on Lubrieants. 

To the Memben of the American Railway Matter Meehaniet^ AMSodation .- 

Gentlemen: — The Committee on Lubricants beg to report as 
follows : 

Up to the present date (April 12th), there has been received out- 
side of the reports of the members of the Committee but five replies 
to the circulars issued. With this very meager, though praise- 
worthy, stock of information, representing, as it happens, the North, 
South, East, and West, we compile the following report : 

The preference for machinery and journal oils seems to be largely 
in favor of West Virginia, or other heavy mineral oils, either un- 
mixed or corapouDded with a certain proportion of animal oils. 

Mr. Coolidge, of the Fitchburg Kailroad, use^ *' petroleum, or 
black oil,'' as he terms it. Mr. King^ of the Western Railroad of 
Alabama, uses ^' good West Virginia.'' Mr. Johann, of the Wabash 
Railroad, the same ; also Mr. Hayes, of the Illinois Central ; while 
Mr. Sedgley, of the Lake Shore Railroad, uses a compound, based on 
the heavy Franklin, Pennsylvania, oil, as is the case with the At* 
lantic & Great Western Railroad. 

Mr. Ortton, of the Committee, uses both " black oil, partly re- 
fined, and lard oil " for machinery, and a mixture of two-thirds black 
and one-third lard for journal bearings. 

For cylinders and valves, some still seem to prefer tallow to any- 
thing else, and yet are not satisfied with it, for reasons well-known to 
all, while others have tried with success special oils. 

Mr. King, of the Western Railroad of Alabama, has used a cylin- 
der compound for about a year, and has abandoned tallow. Mr, 
Coolidge, of the Fitchburg Eaikoad, while using lard as a rule, is 
experimenting with a compound which thus far gives '''good results." 
Mr. Sedgley, of the Lake Shore Railroad, has also abandoned tallow, 
and is using a compound with success. 

Mr. Hayes, of the Illinois Central, says : " For valves and cyl- 
inders, a lubricant that will satisfactorily fulfill all the conditions hat 
yet to be found. For many years we used tallow for this purpose, 
but have abandoned it by reason of its injurious effect on the metal 
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in cylinders and valves. We next tried lard oil ; this we found to 
be an improvement over tallow, but, by reason of its gumming up 
the exhaust pipes and nozzles, thus gradually reducing the orifice, 
were compelled to abandon it. We are now using three different so- 
called cylinder oils, which are doing •fairly well; thesa oils are a 
mixture of high-test petroleum and animal oils, known only to the 
manufacturers ; the cost is about the s$ime as for lard oil or tallow, 
and, so far as our experience goes, it is giving better satisfaction 
than anything else we have tried.'* 

Mr. Ortton, of the Committtee, while using tallow generally, says : 
''It is but fair to admit that I have seen some very good results from 
tests of plumbago oils for cylinders and valves, but the shortness of 
engine power compels us to run our engines continually by different 
engineers, which precludes us from arriving at positive results." 

The experience of the Atlantic & Great Western Eailroad has 
been chiefly with tallow and tallow oil, the latter being especially 
satisfactory with self- feeding oil cups. I'rials are being made with 
a special cylinder oil, and while not entirely satisfactory it is hoped 
that it may prove enough better than tallow to justify itg more ex- 
tended use. 

Regarding experiments, your Committee have failed to receive re- 
ports of any special trials being made by those companies possessing 
oil-testing machines. 

In the matter of self-feeders, now as ever, diversity of opinion ex- 
ists, the majority favoring oiling from the cab. 

Mr. Johann, of the Wabash Eailroad, says : " I am using tallow 
cups inside of cab, placed on boiler head, with seamless brass tubing 
connecting to steam chest. These operate very satisfactory to me, 
and I prefer it over all other ways of lubricating valves and 
cylinders." 

Mr. Coolidge, of the Fitchburg Railroad, says : " While the con- 
stant lubrication of the valves and cylinders, as attained by the use 
of self-feeding cups is of great advantage, yet, in consideration of the 
fact that they are somewhat liable to derangement, 1 prefer the 
method of oiling by means of cups placed in the cab." 

Mr. Hayes, of the Illinois Central, says; " We prefer oiling 
valves from the cab, so the engineer may see that the fireman does not 
waste the oil. We had at one time a large number of self-feeding 
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oil cups on the steam chests of our engines, but they proved very 
unreliable in cold weather and were finally abandoned.'' 

Mr. Ortton, of the Committee, says: "I prefer self-feeders 
where they can be protected and kept in good working order during 
severe winter weather. With us this is difficult to do, and so we 
adopt cups inside of cabs as the next best feeders.'' 

On the Atlantic & Great Western Eailroad they prefer the method 
of oiling from the cab, as best adapted to general use, but on engines 
hauling fast passenger trains, and run by first-class engineers, they 
consider the self-lubricating cup can be used to good advantage. 

Your Committee regret the limited returns from which to make up 
a report, and can conceive of no reasonable excuse for neglect in this 
respect, for even the statistics of service performed, and cost of 
same, so easily furnished, would, if complete for all or a majority of 
our lines, afford interesting data for discussion, and possibly lead to 
valuable conclusions. 

Below is given the figures of those who did report, viz : 

The Committee respectfully submit the subjoined letter of Mr. 
Hewitt as a part of this report. 

Missouri Pacific Railway Company, 

[Office Superintendent of Motive Power and Machinery.] 

St. Louis, April 27, 1879. 
William Fuller, Esq.: 

Dear Sir — Referring to the "Circular on Lubricants," I beg to 
say, for several years past we have been using petroleum oil for lu- 
bricating our locomotives, and lard oil for cylinders. During the 
year 1878 our locomotives run 2,541,594 miles and consumed 10,668 
gallons of petroleum oil for machinery and journals, and 6,624 gal- 
lons lard oil for cylinders. The cost of the petroleum oil was 
$1,812.46, and lard oil, $3,622.69. This made an average of thirty 
miles run to one pint of petroleum oil, and forty-eight miles run to 
one pint of lard oil for cylinders ; and a cost of .0007 cent per mile 
run for petroleum oil, and .0014 cent per mile run for cylinder oil. 

We perfer to use the above kinds because they are economical and 
suitable for the purposes. 
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We liave a preference for placing oil cups inside of cab for lubri- 
cating cylinders. 

Very respectfully, 

JOHN HEWITT, Supt Machinery. 

Eespectfully subnciitted, 

WM. FULLER. QenH M. 3f., A. & O. W. R R. ) 

F. M. WILDER, M, M., N. F., L. E. & W. It. It, \ Committee. 

JOHN ORTTON, Mech. Supt, C, S, R. R, J 

On motion, the report was received. 

The President— An opportunity is now offered for any discussion that 
may be desired. 

Mr. Ortton, Canada Southern Railroad— Mr. President, this subject does 
not appear to be very interesting, although I think it ought to be, as much of the 
durability of axles, of which we have been talking, depends upon good lubrica- 
tion. There is one thing in this report that I think is very important, and that 
is the recommendation of the natural oils for general lubricating purposes. 
About three years ago we were using a quality of oil we considered best 
adapted to our needs, which cost 80 or 90 cents per gallon ; after a while we 
tried a patent oil, and finally changed from that to the natural oils, from 
which we get very good results, a great deal better than we derived from the 
patent oil. The natural oil costs from three dollars to three dollars and a 
half a barrel, which brings the price per gallon down to a very low figure, 
and we can run more miles with the same quantity than we could with the 
oils for which we paid 80 or 90 cents per gallon. W^e saved four or five hun- 
dred dollars in a very short time by the substitution of the natural oil, which 
we thought worth saving, and this fact makes this part of the report very in- 
teresting to me. We have also used plumbago oil for cylinders, which has 
given very good results. 

Mr. Hayes, Illinois Central Railroad — Mr. President, I would like to ask 
Mr. Ortton if the use of plumbago oil in engines did not give trouble by 
stopping up the oil pipes in the cab. 

Mr. Ortton, Canada Southern Railroad — Mr. President, yes, sir, it does 
give some trouble in that respect unless you are very particular to keep 
them blown through. 

Mr. Hayes, Illinois Central Railroad — Mr. President, that was the trouble I 
found with plumbago, and for that reason I had to abandon it ; and in regard to 
lubricating oils, I would like to say that some twenty years ago we paid 80 
cents per gallon for machinery and journal oil, and now we can get oil for 
12^ cents per gallon which gives much better lubrication than that for which 
we paid. 80 cents and it lasts longer. Hence we can imagine the saving that 
can be made in oils. 

Mr. Sedoley, Lake Shore & Michigan Southern Railroad — Mr. President, 
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I taa very glad to hear the results the gentlemen have stated in regard to the 
nse of natural oils for looomotives. Three or four years ago we made some tests 
with our oil-testing machine, which were very favorable to the natural oils, 
and we have been governed ever since by the results obtained. For the last 
year we have not used any lard or animal oil of any kind, our experience 
being that mineral oils give the best results. I would like to hear an ex- 
pression of the members present as to their experience in this matter. 

On motion, the discussion upon this question was closed. > 

The President — If no objection, the next business in order will be the 
report of your Committee on Correspondence received thus far. 

The Secretary then read the report. 

Beport of Committee on Correspondence. 

Your Committee on Correspondence respectfully beg leave to 
recommend that the communication of Mr. L. Willianis, General 
Manager of the C, H. & D and C, C, C. & I. Railroads, extending 
an invitation to visit Dayton and the Soldiers' Home, be read. 

JAMES SEDGLEY, ) 

WILLI A M FULLER, [ CommUtee. 

J. F, DEVINE, J 

The President — Gentlemen, you have heard the report of your Com- 
mittee, but I would like to state to the members, before a vote is taken, 
that several years ago a resolution was passed by the Association that no ac- 
tion should be taken upon any communication presenting any form of enter- 
tainment to the Association. 

Mr. Wells, Jefifersonville, Madison & Indianapolis Railroad — Mr. Pres- 
ident, I do not think it would be well to bring it before the Convention; 
but it seems to me that we might accept this communication and order it 
filed, and as soon as we adjourn the Chairman can call the members to order 
and they can then express themselves individually as to whether they desire 
to accept the invitation or not. 

Mr. Kino, Western Railroad of Alabama — Mr. President, if we can not 
entertain the proposition at all as an Association, all we can do in the case 
is to refer it back to the Committee. 

Mr. Weaver, Eastern Kentucky Railroad — Mr. President, I think it 
. would be no more than an act of courtesy to accept the proposition. 

The President — Article V, Section 5, of the Constitution declares that 
no communication shall be received during business sessions that does not per- 
tain to the business of the Association. After our adjournment an informal 
meeting can be held, and then such action can be taken as the members think 
best. If there is no objection, it will be so understood. We have an appli- 
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cation for AflRociate Membership from Mr. John W. Hill, a gentleman who 
recently conducted experiments in this city, which were printed in the citj 
papers and also in the journal of the Franklin Institute. 

On motion, the application was referred to a] committee consisting of 
Messrs. Hayes, Johann, and Flynn. 

The Pbesident — Gentlemen, it has been suggested that we have an extra 
session this afternoon, from half- past three until five o'clock. If the mem- 
bers desire it, it will be necessary for some one to make a motion to that 
eflTect. 

Mr. Hayes, Illinois Central Eailroad — Mr. President, I move we suspend 
the rules and hold an extra session from half-past three to five o'clock this 
afternoon. 

The President — You have heard the motion of Mr. Hayes ; are therei 
any remarks? 

Mr. Setchel, Little Miami Bailroad — Mr. President, I would say for the 
information of the members that we have only two reports on hand. One 
of them, it is true, is very long ; but I think with our three days' session we 
will have plenty of time to do our work, and it seems to me unnecei^sary to 
hold an extra session this afternoon. We have now been in session five hours, 
and as this is our first meeting in Cincinnati, perhaps some of tlie members 
would like to look around our city, and have some time for social communi- 
cation, and I hope the motion will not prevail. 

Mr. Sedgley, Lake Shore & Michigan Southern Eailroad — Mr. Presi- 
dent, I hope the motion will prevail. My opinion is that we save too 
much business for the last day, which makes it very unpleasant and difficult 
to do it properly, and as there is a large number of members here for an 
afternoon session, I hope the Convention will see fit to adopt the motion of 
Mr. Hayes. 

Mr. Hayes, Illinois Central Railroad— Mr. President, my object in 
making the motion was, that as we have two or three applications for Associ- 
ate Membership to be disposed of by ballot, which will consume a good deal 
of time, and there are also other matters of similar importance that it would 
foe well to dispose of early in our proceedings, so as to save a rush of busi- . 
ness on the last day, when the election of officers and other important busi- 
ness will be on hand, which we will wish to conclude in the most satisfactory 
manner. 

Motion carried. 

Mr. Spbague, Porter, Bell & Co. — Mr. President, I move that we now 
adjourn. 

Motion carried. 
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AFTERNOON SESSION'. 

The Convention was called to order at 3.30 P. M. 

The President — We have two more applications for Associate Member- 
ship, which the Secretary will pleane read. 

The Secretary then read the application of Charles A- Smith for AsRociate 
Membership, recommended by Jacob Johann, B. Warren, and Henry Elliott; 
also the application of J. H. Raymond, recommended by S. J. Hayes, James 
Sedgley, and R. Wells. 

The President — According: to our Constitution these names must be re- 
ferred to a committee. For the committee to consider the application of Mr. 
Smith, I will appoint Mr. White, Mr. Simonds, and Mr. Cook, and for Mr. 
Raymond, I will appoint Mr. J. M. Boon, Mr. H. L. Cooper, and Mr. Robert 
King^. Mr. Hayes would like to say a word in regard to Mr. Raymond, 
and I hope the committees will prepare to make their reports as soon as pos- 
sible. 

Mr. Hayes, Illinois Central Railroad — Mr. President, I am one of the 
gentlemen who have recommended Mr. Raymond for, Associate Member- 
ship in this Association, and it, perhaps, is proper that I should say what I 
know of him. He is a young man, a lawyer, and Secretary of the Western 
Railway Association. He is an expert mechanic and familiar. with our de- 
partment of railroads, and I think he will be a very useful member, and will 
be able to give the Association a great deal of valuable information. 

The President — I will state that the Finance Committee, consisting of 
Mr. Richards, Mr. Johann, and Mr. J. Davis Barnett, are ready to receive 
the assessment of any member wishing to pay his dues. Mr. Richards is 
Chairman, and will be pleased to see you. It has been our custom early in 
the proceedings to appoint a committee to select places to be voted upon for 
holding our next Annual Meeting. It would be well to do this this after- 
noon, in order that the committee may report to-morrow. 

Mr. Wells, JeflTersonville, Madison & Indianapolis Railroad — Mr. Pres- 
ident, I move that a committee of three be appointed to select places to be 
voted upon for holding our next Annual Meeting. 

Motion carried. 

The President — I will appoint upon that. committee, J. Davis Barnett, 
John Swift, and J. F. Devine. Your committees appointed to report respec- 
tively upon the applications of J. H. Raymond, Charles A. Smith, and John 
W. Hill, for Associate Membership, are ready to report. 

The reports were read, and the committees reporting favorably, ballot was 
taken which resulted in the election of the above named gentlemen to Asso- 
ciate Membership. 

Mr. Spragub, Porter, Bell & Co. — Mr. President, I desire to speak of a 
little matter that I may as well mention now, and that is, our Fourth An- 
nual Report is out of print. I have never been able to get a copy, and pre- 
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8ume many other membei% would like to have one. I would like the whole 
series for the purpose of bindiug, and would be willing to'paj a good price 
for this number. 

The President — I noticed in the reading of the Secretary's report to-day 
that there is none of the Fourth Annual Beport on hand, ^t may be the 
Secretary can give us some information as to the probable cost of printing 
three or four hundred copies. 

The Segbetabt — Mr. President, there are 105 pages in the Fourth An- 
nual Beport, and it would probably cost from $250 to $275 to print and bind 
three or four hundred copies. We have had a great many applications for 
this number, but it has been out of print for three years. 

Mr. Spbaoite, Porter, Bell & Co. — There seems to be but little interest in 
the matter, and may be we had better drop the subject, although I would like 
very much to have a copy. 

The PRESiDENT-^Any Airther remarks upon this subject? 

No action was taken, and the Convention resumed other business. 

The President — It has been our custom to appoint a Committee on Sub- 
jects for Consideration, and, perhaps, we had better appoint that committee 
now, so that a report can be made to-morrow at this time. 

Mr. Hayes, Illinois Central Bailroad — I move a Committe of Five be 
appointed to Select Subjects for Discussion at our next Annual Convention. 

Motion carried. 

The President — ^I will appoint on that committee, Mr. Ortton, Mr. Fuller, 
Mr. Johann, Mr. Devine, and Mr. Bichards. It has also been our custom to 
appoint a Committee upon Besolutions; on motion that committee will be 
appointed. 

Mr. Hprague, Porter, Bell & Co. — Mr. President, I move a Committee be 
appointed on Besolutions, 

Motion carried. 

The President — I will appoint on that committee, Mr. Sedgley, Mr. 
Sprague, and Mr. Hewitt. I would suggest the propriety of appointing a 
committee to draw up suitable resolutions expressing the sense of this 
Association in regard to the death of Mr. B. F. Morse. 

Mr. SEDGiiT, Lake Shore & Michigan Southern Bailroad — Mr. President, 
J move that a Committee be appointed to draw up Besolutions on the death, 
of Mr. Morse* 

Motion carried. 

The President — ^I will appoint on that committee, Mr. Johann, Mr. Boon, 
and Mr. Bay,mond, our newly elected Associate Member. This resolution will 
be in the form of a memorial, giving a short sketch of Mr. Morse's life, which can 
be drawn up and sent to the Secretary after adjournment. The next business 
in order is the Beport of the Committee upon the Best Material, Method, 
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Form, and Proportion in Constructing Locomotive Boilers. As the report 
is very long, and it is nearly five o'clock, it is hardly worth while to take it 
up this afternoon, and if it is^the wish of the members a motion to adjourn 
will be in orde. 

Mr. Sprague, Porter, Bell & Co^-I move we adjourn until the usual hour 
to-morrow morning. 

Motion carried, and Convention adjourned. 



SECOND DAY'S PROCEEDINGS. 

President Chapman in the chair. ^ 

The Committee on Correspondence reported a communication received 
from the Cincinnati Chamber of Commerce, extending the privileges of the 
floor of that body to the members of the Association during their stay in the 
city, which was read and received, and the Secretary instructed to acknowl- 
edge the same with the thanks of the Association therefor. 

The Secretary — Mr. President, we have a short report on the subject of 
the Best Material for Locomotive Wheels and Axles, which bein(( very 
dosely connected to the subject of the special order set for 10 o'clock, I 
Would suggest that it be read at this time. 

The President — If there is no objectipn the Secretary will please read 
the Keport of the Committee upon the Best Form and Material for Locomo- 
tive Wheels and Axles. 

The Secretary then read the report. 

Beport of Committee on the Best Form and Material for 

Locomotive Wheels and Axles. 

To the American BaUway Mctster MeehanM Assodaium : 

Gentlemen— Your Committee appoio<^d to investigate the sub- 
ject of the Best Form and Material for Locomotive Wheels and 
Ajcles, have carefully considered the same, and submit the following 
as the result of their labors. In discharging their duty your Com- 
mittee deemed it important to get the views of persons whose 
experience entitle them to consideration, and with this view the 
following circular was issued to the members of the Association : 

OOMMITTEE OIROTJLAB. 

jtb Members of the Master Mechanic^ Association : 

The undersigned were appointed a Committee to investigate the 
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subject of the Best Form and Material for Locomotive Wheels and 
Axles. In order to obtain the necessary information from which to 
make this report they would respectfully solicit replies to the follow- 
ing questions, and at the same time urge all the members to make 
prompt and full replies, as upon them depends the nature of our 
report : 

ENGINE TRUCKS. 

Ist. How many engines have you equipped with cast-iron wheels 
in engine truck? 

2d. How many with cast wheels, centers, and steel tires? 

3d. How many with cast wheels with steel faces ? 

4th. Have you liny other kinds in use? 

5th. How do these compare for first cost and for cost of main- 
tenance per mile run ? 

6th. For this purpose please state what description of wheels you 
recommend, and whether you prefer spoked, single, or double - 
plated wheels. 

7th. How many wheels of each kind have broken in service in 
the past two years in engine truck; state also (if known) the cause 
of breakage. 

DRIVING WHEELS. 

1st. What kind of wheel centers do you recommend for driving 
wheels? Hollow spokes with hollow rim and nave or hub, or solid 
spokes with solid rim and hub, or solid spokes with hollow rim 
and hub? 

2d. Please state if you have had any wheel centers broken within 
the past two years and of what kind? 

TENDER WHEELS. 

• 1st. How many engines have you equipped with cast-iron tender 
wheels ? 

2d. How many with cast centers with steel tires ? 

3d. How many with cast wheels with steel faces? 

4th. Have you any other kinds in use ? 

5th. Which gives the best result in miles run, including first cost 
and cost of maintenance ? 
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6th. For this purpose what T?heels would you recommend? 
7th. Have any tender wheels hroken in the past two years? If so 
please state the kind and cause of hreakage. 

TRUCK AXLES. 

1st. What are your standard sizes for journals for engine -truck 
axles on engine of 16 hy 24 inch cylinders? Give also size of wheel 
seat. 

^d. How many engines have steel and how many have iron axles 
in engine truck ? 

3d. Which gives the hest results considering first cost, wear of 
journals and hrasses and cost of lubricants? 

4th. Which gives the best results iron or steel all things consid- 
ered, and what dimensions would you recommend? 

5th. Have any engine truck axles broken in the past two years, if 
so please state kind and cause ? 

DRIVING WHEEL AXLES. 

1st. What are the dimensions of driving-wheel axles for Ameri- 
can engines 16 by 24 inch cylinders? Give size of journals, wheel 
seat and center of shaft, and whether straight or taper! ns^ to the 
center. 

2d. How many engines have you with steel and how many with 
iron axles? 

3d. Which gives the best results considering first cost, wear of 
journals and brasses and costs of lubricants? 

4th. Have any axles broken in the past two years? If so please 
state what kind and what part of the axle broke first ? If conveni- 
ent send sketch. 

TENDER AXLES. 

Ist. What are the dimensions of your standard tender axles, in- 
cluding size of journal, length of axle, size of wheel seat and diam- 
eter of axle in center? 

2d. How many tenders have iron axles, how many have steel 
axles ? 

3d. Which gives the best results all things considered ? 
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4tli. Which womld you recommend for tender axles, iron or steel, 
and what in your opinion are the best dimensions for this purpose ? 

5th. How many tender axles have broken in the past two years, 
and of what kind ? 

VALUABLE SUGGESTIONS. 

Please give any information which you may have that will help 
'the Committee in making up their report. They will be pleased to 
receive tracings (on small scale) of standard axles for engine and 
tender trucks. 

Replies to the foregoing questions are solicited before March 1st, 
1879, and should be addressed to Bobert King, Master Mechanic 
Western Railroad of Alabama, Montgomery, Alabama. 

Very respectfully, 

ROBERT KING, W. B, B. of Ala. ^ 

WILLIAM RUSHTON, A.& W. P. B.B. [CammUtee. 
JAMES MAGLENN, Car. Qmt, B. B. ) 

To this circular only nine replies have been] received from Master 
Mechanics. 

ENGINE TRUCK WHEEL(^. 

In engine trucks, four use nothing but cast-iron wheels ; in addi- 
tion to cast-iron wheels four have in use cast wheel centers with steel 
tires (350 wheels reported); three have in use cast wheels with steel 
faces (238 wheels reported); and one has in use solid steel wheels 
(number not given); those using cast wheels only have no data for com- 
parison. One member using steel-tired wheels thinks the difference 
in cost small, but considers the steel -tired wheel safer; another member 
considers the steel-tired wheel as four to one of cast-iron; another 
thinks the first cost of the steel-tired wheel against it, in comparison 
with iron ; five prefer spoke wheels, and four double plate ; the 
former giving as a reason that they allow a better inspection of the 
truck and its parts, and afford better access in oiling, while those pre- 
ferring the latter think the spoke wheels fan up the dust more and 
cause the brasses to wear faster. 

Your Committee have reports of three steel -faced wheels and seren 
cast-iron broken in the tread, although no damage to engines is 
reported. 
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DRIVING WHEELS. 

Of those replying to our circular, four prefer hollow-spoke, hub, 
and rim ; ono solid spoke and rim, and two solid spoke and hub and 
hollow rim ; two have both kinds in use, and both do well, there- 
fore have no choice. 

Your Committee have reports of nine broken wheels, all of hollow 
spokes. 

TENDER WHEELS. 

In tender trucks, six use nothing but cast-iron wheels ; in addition 
to cast-iron wheels three use cast centers with steel tires (292 wheels 
reported); two have in use cast wheels with steel faces (116 wheels 
reported); one has in use Bochum cast steel (number not given); of 
those using steel -tired wheels under tenders, one prefers cast-iron ^ 
one prefers steel-tired, and one prefers steel-faced wheels. 

Thirteen wheels are reported cracked and broken, all of cast iron ; 
no damage reported, as they broke in the tread and flange. 

TRUCK AXLES. 

From replies to our circular, we learn the desire of the members is 
to increase the size of journals ; seven are using journals 4^ inches 
in diameter by 7 to 8 inches long; one uses 4f by 8 inches; and 
one 5 by 9 inches; (see sketch). For wheel seat the sizes vary from 
4^ to 4f inches in diameter ; only two report as having steel, and 
recommend its use. 

No axles are reported broken. 



Wabash Railroad Engine Truck Axle. 
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The dimensions of journals for driving axles reported are from 

6J by 7 tOi.T.by 8 inches. All use iron; two have steel in use; 

one uses it for crank axles, and another has thirty-four engines with 

steel axles. Those using steel for driving axles prefer it for that 

4 



50 

parpose, as giving better results than iron. We find from the replies 
that a majority use a parallel axle ; while one recommends to enlarge 
the axle in the middle, especially for back axles, thereby making it 
more rigid. 

Four back and two front axles are reported broken, four of which 
had been in service for ten years and broke close to the. hub, 

TENDER AXLES. 

From the replies to our circular we learn that the desire is to in- 
crease the sizes of tender axle journals rather than diminish them. 
Three are using the Master Car Builders' Standard, while the others 
are using journals from 3|^ by 7 to 8^ by 6^ inches. All are using 
iron ; one is using steel under three tenders ; two of those who have 
used steel prefer it for tender axles. 

Four iron axles are reported as broken, one at the hub of wheel 
and two at the journal. 

The following is given by Mr. W. 0. Hewitt, of the Toledo, Peo- 
ria & Warsaw Kailroad, showing the advantage of the Master Car 
Builders' Standard Axle over the smaller journal. One 2,400 gal- 
lon tank, with Master Car Builders' Axles, ran 73,650 miles, and 
cost for lubrication and waste $2.27; and another 2,400 gallon tank, 
with axles having 3^ by 5^ inch journals, ran 74,730 miles, and cost 
for lubication and waste $7.27. 

Your Committee believing that all the members are more or less 
familiar with the mileage made by cast-iron wheels, the following is 
given by Mr. George Kichards, of the Boston & Providence Rail- 
road, showing the mileage made by steel-faced and steel-tired 
wheels, etc.: 

Four Bochum cast-steel wheels, under a heavy tender, ran 142,260 
miles and were in good condition. They bad not been turned, and 
the wheel was heavy enough on the tread for three turnings. 

A pair of paper wheels, under a light tender, making many stops, 
ran 125,941 miles and were in a fair condition. A pair of cast-iron 
wheels, run as mates to the paper wheels, made 91,062 miles and 
were worn out. 

A pair of steel-faced wheels, in heavy engine truck, made 50,123 
miles on the first run, and a total of 121,929 miles and were con- 
demned. 
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Another pair of steel -faced wheels, in heavy engine truck, ran 
47,034 miles atlter first turning and were condemned. 

Two pairs of steel -faced wheels, in heavy eqgine truck, made 
79,905 miles first run, and 129,587 miles to date and were in good 
condition. 

Another pair of steel -faced wheels, in heavy engine truck, made 
71,852 miles first run, and 41,266 miles second run, total 113,118 
miles and were condemned. 

Another pair of steel -faced wheels, under heavy tender, made 
only 31,372 miles the first run. 

One pair of steel-faced wheels, in engine truck, made 38,932 miles 
the first run. 

One pair steel-faced wheels, in engine truck, made 64,750 miles 
the first run. 

Your Committee concur in the report of last year's Committee 
with regard to the dimensions of engine and tender truck axles and 
of driving axles, except the shoulder at the wheel seat. 

In addition to the circulars sent to Master Mechanics circulars 
were sent to eight locomotive builders and others. Two replies were 
received from the above. 

One builder has equipped 247 engines with cast-iron wheels in 
engine truck ; 28 engines with cast wheels and steel tires ; 23 en- 
gines with cast wheels and steel faces, and 1 engine with paper 
wheels. 

They have equipped 264 tenders with cast-iron wheels and 13 
tenders with cast centers and steel tires. 

They have equipped 228 engines with iron truck axles ; 70 en- 
gines with steel truck axles ; 412 engities with iron driving axles ; 
46 engines with steel driving axles ; 230 tenders with iron axles, 
and 47 tenders with steel axles. 

It will be observed that replies to this circular show that steel is 
being used for axles on a number of roads. 

All of which is respectfully submitted. 

ROBERT KING, M. 3f., W. B. B.of Ala., Montgomery, "i 

WM. RUSHTON, M. M, A. & W. P. jB. i2., Atlanta, [ QmmiUee. 

JAS. MAGLENN, M, M,, Car. Cm. B. J5„ Laiirenburg, J 
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Standard Tender Truck Axle, Lake Shore & Michigan Southern Railroad. 
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[A tracing of axles, showing the standard engine truck and tender axle in 
use on the Wabash Railroad, was presented with the report] 

On motion of Mr. Sedglej the rei>ort was received. 

The Pbesident — An opportunity is now offered for discassion upon the 
report. 

Mr. Kino, Western Kailroad of Alabama — Mr. President, as Chairman 
of that Committee I would state that we received but nine replies to our 
Committee Circular, and from the information contained in them we could 
add but little to the report of last year upon standard axles, especially as 
there was another committee covering nearly the same ground to report this 
year. You will notice by the report, that on engines 17 by 24 there is 
a tendency to enlarge the tender axle and increase the size of the journal. 
We solicited information from a great many locomotive works, but received 
no replies. I consider that many of the gentlemen representing these works 
could give us information if they would. Some of them were formerly 
Master Mechanics, and have a valuable experience in operating machinery, 
and I regret exceedingly that we did not hear from them. 

The President — It is now ten o'clock, and the special order set for that 
hour is in order; but before discussion upon that subject is resumed, allow 
me to say that Mr. Johann, Chairman of Committee upon Subjects for the 
ensuing year, will be glad to receive suggestions as to suitable subjects for 
consideration at our next annual meeting. Discussion upon Standard Car 
and Tender Axles is now in order. Mr. Johann, Wabash Bailroad, has the 
floor. 

Mr. Johann, Wabash Kail road — Mr. President, my object in making the 
motion to postpone the discussion of this question was to give all the mem- 
bers time to sleep and think ove/ the matter. As for myself I am not going 
back upon anything; but, as I said yesterday, the time is coming when we 
will have to use a larger axle than we do now. Just what the size will be I 
' am not prepared to say ; but I would like to see this Association adopt the 
Master Car Builders' Standard now as the first step in the right direction. 
We will have to come to it sooner or later, and I would like to hear all the 
members express their opinion, and then let us decide the matter so far as 
this Association is concerned. I shall vote for the Master Car Builders' 
Standard. 

Mr. Sedoley, Lake Shore & Michigan Southern Kailroad — In regard to 
the Car Builders' Standard Axle, I think i( would be difficult to determine 
just exactly what that size is, as there is so much difference in the weighty 
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varjing from 330 to 350 pounds. I think the axle is being put in on the 
leading roads at about 330 pounds. 

Mr. Boon, Pittsburgh, Ft. Wayne & Chicago Railroad--Mr. President, 
I was not present when this discussion opened, but I understand the first 
part of it was whether we should adopt the Master Car Builders' Standard. 
I do not object to a large axle; but I do object to the Car Builders' size, 
for the reason that it can not be used on all roads. Now if you increase 
the size of journal to 3^ or 3f inches, you will have to make an entire change 
in all your cars in the oil boxes and brasses, and I doubt very much whether 
any road is going to change their entire equipment for the sake of getting a 
standard. For instance, on our road we have an equipment of twenty thou- 
sand cars ; now to change these cars would require us to increase our stock 
to such an amount as no road in the country can stand. The expense 
necessary to make such a change would be so great that I think it will be 
utterly impossible for it to be dune ; besides we are hauling very heavy loads 
with our present size of axle. I do not think any of us will live to see this 
axle come into general use. 

Mr. SiMONDS, Cairo & St. Louis Kailroad — Mr. President, I am reported 
in the morning papers as being in favor of 3| by 6 inch journal. I would 
like to correct that statement. When I was on a road in the East some of 
the journals were 3 by 5} inches, and others 3^ by 6 inches, and we carried 
pretty heavy loads upon them, and none of them ever broke that got fair 
usage. The question to determine is, whether we gain by increasing the 
size of the journal. Mr. Sedgley says he is in favor of a 3^ inch journal. 
My preference would be for 3} by 7 indies. Now let us consider the im- 
mense amount of rolling stock controlled by the eighty thousand miles of 
railroad scattered through the country, and we figure up into the millions in 
axles, which shows that it is no small matter for this Convention to decide 
that they will adopt this or that axle. The 3| inch journal, with ^l inch 
wheel seat, will add millions of pounds weight to our rblling stock, and in 
many cases necessitates an entire change in our trucks and oil boxes to get 
in our wheels. It is as Mr. Boon says, there is not a man on this floor that 
will live long enough to see this standard axle come into general use even if 
we do adopt it. I have no doubt that a standard would be of great benefit, 
but to adopt one will involve more expense than most roads would be will- 
ing to stand. I think a 3^ inch journal is sufficient to carry any weight 
that may be required ; but I still think 3^ inches will give much better 
service. 

Mr. JoHANN, Wabash Bailroad — Mr. Boon imagines that no man here 
will live to see the standard axle adopted on all roads. Now while I do not 
mean to say that every man here will live to see it come into general use, 
still I am perfectly satisfied that some of us will. There is no extraordinary 
expeqse attending it if properly managed. All of us know that we have to 
make more or less renewals every year, and whenever an axle gives out it 
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can be replaced with a standard axle withoat any extra expense. By adopt- 
ing it it is not expected we will say to our superior officers that we are Koihg 
to use this axle exclusively; but we can say that in our judgment it is the 
best, and when we make renewals we can put in this axle, and I can assure 
you that you will be utterly surprised to see how fast it can be introduced. 
It will be like the Erie and other roads changing their srauge. 

Mr. Black, Dayton & Michigan Railroad — Mr. President, I would like to 
ask if any member has adopted the Master Car Builders' Standard for ten- 
ders? It seems to me the only question that we should discuss here is a 
standard for tender axles, and let the Car Builders settle upon a car axle. 

Mr. Boon, Pittsburgh, Ft. Wayne & Chicago Railroad — Mr. Preeident, 
what my friend Johann says with regard to introducing the standard may be 
true. In that way we could change our entire equipment without much ex- 
tra expense; but I doubt very much whether we will get more service out of 
the Car Builders' Standard than our present one. 

Mr. Ortton, Canada Southern Railroad — Mr. President, in my opinion the 
point is whether we will have a tender axle that will conform to the Car Build- 
ers' Car Axle. The Master Car Builders have adopted a standard axle, and it 
is a question for us to decide whether we will adopt one to conform to their's. 
They have shown a disposition to compromise with us, and it seems to me 
that we should confine our discussion entirely to tender axles, and see if We 
can agree upon something, and, if possible, adopt their standard. When we 
build boilers or bridges we allow a margin of strength for safety, and I am 
in favor of the Car Builders' Standard on that account. I think we will all 
live long enough to see it come into general use. 

Mr. Robertson, Marietta, Pittsburgh & Cleveland Railroad — Mr. President, 
three years ago when I took charge of our road, I found four different sizes of 
axles under our cars and tenders; some with journals 3^ by 7 inches and 6 
feet 11 inches long, and I also had some of the Car Builders' Standard. I 
immediately adopted a standard, and now I have all engines equipped with 
uniform axles. I do not think there is so much objection to the size of the 
journal as in the total length of the axle. I am in favor of a standard, 
whether it shall be 3}^, 3}, or 3} inches. If you get a good large journal you 
can run your cars with safety. 

Mr. Johann, Wabash Railroad — Mr. President, I think, perhaps, we have 
obtained as much information as possible out of this discussion, and in rising 
to move that we, as an Association, adopt the Master Car Builders' Standard 
Axle, I would say that I hope all the members will look at the mat.er in a 
practical light. We have had this question under consideration for several 
years, and I think it is about time to make up our minds. If we adopt this 
axle it will be the first point towards obtaining a uniform standard for every 
car and tender in the country. The Master Car Builders' adopted a standard 
some years ago, and there is no impropriety in this Association endorsing 
their action. I have felt the importance of a step of this kind for several 
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years, from the fact that I have had a great deal of additional labor and expense 
put upon me by having to keep a variety of axles on hand in order to repair 
foreign cars. When I took charge of the road I am now on we had eight differ- 
ent patterns of tender trucks and as many different axles to correspond. You 
a&n readily imagine something of the labor and stock it required to keep a 
sufficient number of wheels and axles fitted up ready to be used in case of a 
breakage. I immediately went to work to remedy this matter, and on making 
examination of the Master Gar Builders' Standard Axle, I came to the 
conclusion that if they adopted it I could use it. I did not throw away any 
good axles, but when I took an engine into the shop for repairs, if the 
trudks were pretty well run down I took them out and put in the standard 
trucks. It has now been five years since I began, and to-day all our engines 
have Standard Trucks and Axles. In accomplishing this I did not find it 
necessary to work our men overtime. 

Mr. Robertson, Marietta, Pittsburgh & Cleveland Railroad — Mr. Presi- 
dent, I would state that I make all axles 3^ inches, although some of them 
will wear down to 3} inches. You, of course, see that I can get 3} inch 
brasses on to a 3} inch journal ; for that reason I make all the new axles 3} 
inches. 

Mr. JoHANK, Wabash Bailroad — Mr. President, I move that we adopt the 
Master Car Builders' Standard for car and tender axle. 

Mr. Hates, Illinois Central — I second the motion. 

The President — Gentlemen, a motion has been made and seconded that 
the Master Car Builders' Standard -Axle be recommend by this Association 
for Standard Axle for tenders and cars. Are you ready for the question? 

Mr. Black, Dayton & Michigan Bailroad — Mr. President, before the 
question is put I would like to ask if that accepts the supplementary report. I 
do not think that was disposed of yesterday. 

The President — We received both reports. 

Mr. Black, Dayton & Michigan Bailroad — Mr. President, then if we 
adopt Mr. Johann's motion, we will then have adopted the supplementary 
report. 

Mr. Wells, Jefferson vi He, Madison & Indianapolis Bailroad — Mr. Presi- 
dent, any action this Convention may take in reference to adopting a stand- 
ard axle will simply be an expression of opinion. It has no further 
authority or weight except an opinion of the Master Mechanics' Association. 
This subject of standard axle has been presented to the Convention a num- 
ber of years. It has been discussed from year to year as to what length of 
axle and size of journal would come nearest to suiting the majority of the 
railroads in the country, so that they might make the change without extra 
expense. Now if a new road is to be built, and they want to know which is 
the best axle, our verdict simply recommends this as being the near- 
est to all other roads. Whether the standard is adopted or not by any 
one or more roads would be a question for the authorities of such roads to 
answer, but they would take the action of this Association as an expression 
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of an opinion as to what we believe to be the best, and if anj old road sees 
proper to adopt it thej will do so. There are a great many roads that renew 
their equipment every few years, and new roads are being built every year, 
and as they put on new equipment Ihey can adopt the standard, and the ac- 
tion of this Convention may have some influence upon these points; but 
whether a majority of the roads adopt it or not, it is right and proper for 
us to express our opinion upon the subject, and that is as far as we can go. 
Now if we adopt a certain size we should make the size large enough to an- 
swer all purposes, as few use an axle so large as the one recommended, but 
they can use a smaller one in the same boxes and will be no worse off than 
we are now. You can have your boxes Isrge enough and there will be no 
trouble. The important thing in this question is the length, it is of more 
importance than the diameter. Those roads using a large axle could cer- 
tainly use a. smaller one. 

Mr. Woodcock, Central Railroad of New Jersey — Mr. President, I agree 
with Mr. Wells that what we want to do is simply to establish our opinion 
and put it on record, so if a road wishes to know what we think is the best 
standard axle, we have some definite conclusion to offer. Three years ago 
we came to the conclusion a standard should be adopted, and we thought a 
journal 3} by 7 inches was fully large enough for the service at that time 
and we adopted that size. Now economy is the watchword, and to change 
that size would involve a very great expense, and for this reason it would 
be difficult for any road that has adopted the Master Car Builders' Standard 
to make a change. Still I am in favor of a standard axle if it can be adopted 
without extra expense. 

Mr. JoHANK, Wabash Kail road — Mr. President, I do not see that there is 
any economy or policy in going back a fractional part of an inch ; I propose 
to run my axle journal down to 3} inches, and in putting in new ones I wUl 
use 3| inches. As for compelling any road to adopt it, that is something we 
have nothing to do with, and so far as I am concerned I have nothing more 
to say upon the subject. 

Mr. Black, Dayton & Michigan Railroad — Mr. President, if it is in order 
I will move an amendment to Mr. Johann's motion that the axle be 3} in- 
stead of 3| inches. 

The President — Mr. Johann, do you accept the amendment? 

Mr. JoHANN, Wabash Railroad — Mr. President, no, sir, I will not accept 
anything of the kind so far as I am concerned. 

Mr. SpBAOUE, Porter, Bell & Co. — Mr. President, I suggest that we com- 
promise by adopting the standard in length and make the journal .from 3} 
to 8} inches. 

Mr. JoHAKN, Wabash Railroad — Mr. President, no, sir, I will not com- 
promise on anything. I will vote to adopt the Master Car Builders' Stand- 
ard Axle and then let those who want to use 3} inch journals do so, and 
those who want to use 3| inches can do so. 
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Mr. Wells, JeflTersonville, Madison & Indianapolis Railroad — Mr. Presi- 
ident, if I want an extra quarter of an inch I can make my journal 3| 
inches, and when they wear down to 3} inches I will then have a size that is 
in use on a large number of railroads, for where you will find five or six 
axles of this kind in use you will not find one of the Master Car Builders^ 
We can cut off i of an inch and then we will have an i inch collar and 
leave off this extra ^ of an inch in length, and here I would like to ask Mr. 
Johann, as he is the missionary of the standard, axle, what this extra } inch 
is for? 

Mr. JoHAKN, Wabash Railroad — Mr« President, I am a missionary in this 
cause, but I was not the midwife when the standard axle was born, and can 
not say how it was worked out, unless it was to get a larger collar. Mr. Wells 
is perfectly at liberty to do as he suggests. I know there are some roads 
that use a half inch collar. There is no necessity for making it more than 
} an inch, for that will stand a great deal of strain, and I think we can do 
very well without the extra } inch. 

Mr. Wells, Jefferson vi lie, Madison & Indianapolis Railroad — Mr. Presi- 
dent, I understood from my friend Johann that there was no compromise in 
him. 

Mr. Johann, Wabash Railroad — Mr. President, I say no compromise in 
the expression of our views here. What we want to settle in this question 
is, that we respect the Master Car Builders' Standard and adopt it. That is 
what I propose to not compromise; I want to see this question decided right 
here. 

Mr. Black, Dayton k Michigan Railroad — Mr. President, the difficulty of 
settling this question seems to be in the length of the axle, which I think 
should be left to the judgment of the Master Mechanics; I think the mem- 
bers should vote upon this question at once and settle it. 

The President — Mr. Black, your amendment is not accepted by Mr. 
Johann ; the question is now upon the original motion. Your amendment 
was that the journal should be 3} instead of 3| inches, and you approve the 
Master Car Builders' Axle with that exception Am I correct? 

Mr. Black, Dayton & Michigan Railroad — Mr. President, yes, sir. 

Mr. Ortton, Canada Southern Railroad — Mr. President, for tender axles? 

The President — Yes, sir, for car and tender axles. 

Mr. Ortton, Canada Southern Railroad — Mr. President, from the feeling 
here I do not see any actual necessity in changing the motion made by Mr. 
Johann, as it is just as he said this morning. As individuals we can use 
3} or Si inches; we are now simply expressing our opinion as Master Me- 
chanics in regard to this subject. I am very favorably impressed yriih the 
3| inch diameter, although I am now using Si inches. If you put on a new 
3| inch journal when it wears to 3} inches you will then have your stand- 
ard; I see no necessity for changing the original motion of Mr. Johann. 

Mr. Wells, Jeffersonville, Madison & Indianapolis Railroad — Mr. Presi- 



68 

dent, T nnderatood Mr. Johann to say nomethinflr in reference to the leneth ; 
I would like to ask him if the Master Car Builders' Standard is six feet elereo 
inches? 

Mr. Johann, Wahash Railroad — Mr. President, my motion is to adopt 
the Msster Car Builders' Stsndard, or accept the Master Car Builders' 
Standard, which is six feet eleven and a quarter inches, as the choice of 
this Association. 

Mr. Wells, Jefferson ville, Madison & Indianapolis Railroad — I was mis- 
taken then; I thoufi^ht I understood you to say six feet eleven inches. 

The President— Gentlemen, ara you ready for the question ? 

Mr. Black, Dayton & Michig^an Railroad — Mr. President, I made a motion 
to make it 3} instead of 3f inches. 

The President — Mr. Black, there was no second to your motion. The 
question now is upon the original motion of Mr. Johann, which is that this 
Association recommend the adoption of theMssterCar Builders' Standard. 
All that are in favor of the recommendation for the adoption of the Master 
Car Builders* Standard Axle will please say aye, and the contrary no. 

The President — ^The yeas have it. 

Mr. SiMONDS, Cairo & St. Louis Railroad — Mr. President, I call for the 
yeas and nays. 

The President — I will call for a standing vote, although I do not think 
there is any necessity for it. The Secretary will please count 

The Secretary — Twenty-eight members for the adoption and nine 
against. 

The President — Mr. Johannes motion is carried. 

Mr. Johann, Wabash Railroad — Gentlemen, I am very glad indeed we 
have disposed of this question, and I hope all the members will go home 
and do all they can towards introducing the standard axle. 

The President — Gentlemen, the next business in orderis the reading of the 
report of your Committee upon the Best Material, Method, Form, and Pro« 
portion of Constructing Locomotive Boilers, and the Best Method of Eood* 
omy in the Use of Fuel. The report will be read by the Chairman, Mr. 
Wells. 

Mr. Wells, Jefferson vi lie, Madison & Indianapolis Railroad — ^Mr. Presi- 
dent, I wish to make a few excuses to the members of the Association for 
the length of the report. The reports from the members came in very late. 
Two or three of them were received only four or five days before I started to 
the Convention. The last communication that I received was from Howard 
Fry, and one that we had been waiting for, and when it arrived I had only 
three days to make out my report. Therefore, before printing this, I desire 
some portions of it to be condensed by the Secretary or the Committee* 
With these explanations I hope the members will indulge the Committee if 
we are a little lengthy on some points. 
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Mr. Wells then read the following report, giving various explanations on 
the blackboard: 

Beport of Committee on Boileirs. 

To the American Bailway Master Mechanics^ Association : 

Gentlemen — At your last ConveDtioD, held Id Kichmond, Va., " 
May 14th, 15th, and 16th, 1378, the Committee on Boilers was con- 
tinued, and requested to make further investigation in reference to 
the best material for locomotive boilers, the best method of con- 
struction, and the best form and proportions for any specified 
service, and any kindred matters that might seem of sufficient im- 
portance to them bring to the notice of the Association. 

Many or all of the diflFerent branches of this subject have been 
presented in the reports heretofore made to the Annual Convenfcions, 
and in them, and in the discussions which followed, they were so fullj 
explained that your Committee find it difficult to present to your 
notice new facts on the subjects assigned us for investigation. 

We issued a circular setting forth some of the points upon which 
we desired information and the opinion of those addressed. Our 
first question was as follows: 

" It is important to know what is the best material for the several 
parts of locomotive boilers (state the kind of fuel used); whether 
iron is more liable to corrosion than steel ; which of the two is more 
liable to furrow at seams, corners, braces, and at the top of the mud 
ring, and to *pit' in the bottom of the cylinder part of the boiler 
on the water side of the sheets? It is also desirable to iQfiow the 
cause of this pitting and the remedy." 

In answer to these inquiries we have received conflicting reports 
as to the best material for the shell of the boiler. On this part of 
our subject Mr. S.J. Hayes, Superintendent of Motive Power of 
the Illinois Central Railroad, who is one of the members of your 
Committee, makes the following report : 

Illinois Central Railroad. 

[Machinery Department.] 

Chicago, May 3, 1879. 

R. Wells, Esq., Chairman Committee on Boilers, 

American Railway Master Mechanics' Association: 

Dear Sir— By reason of the pressing requirements of my tegu- 
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lar daties I have been able to give bat little thought to tbe snljii 
of year circular, and in replying to it at this late date am onljil 
to give an outline of my recent experience with boilers on this id 

'^ THE BEST MATERIAL FOR THE SEVERAL PARTS OF LOCOMOTH 

BOILERS." 

This subject having been so thoroughly canvassed in former i 
ports leaves me but little new ground to work upon, and allom 
must be made if some of the ideas advanced should be foQDd! 
former reports. 

Id my opinion a good quality of iron is preferable to steel foril 
cylinder part of boilers. In former reports I have recommended tl 
use of steel for the entire boiler, but recent experience has led i 
to believe that steel is not so well adapted for the cylinder part oft 
boiler as a good quality of iron. 

There are several engines now in service on this road with boili 
built in 1856, the outside shells of which were made of LowMc 
iron. These boilers have been in service twenty -three years, c 
there is but little sign of corrosion or pitting in the sheets. T 
sheets in the bottom of the cylinder part of these boilers lii 
never been renewed, and at present are to all appearances in go 
condition. 

In 1874 we built two new boilers, tbe shell of one of these hi 
ers was made of a high grade of steel, the other of iron. Boi 
engines were put in tbe same service, on the same section of tl 
road, and made equal mileage. When the flues were removed i 
steel boiler was found to have suffered the most from corrosion, tf 
was pitted to such an extent that it was found necessary to pi 
lining plates on the inside, along the bottom of the cylinder part,! 
protect it from further corrosion. The shell of the iron boiler « 
somewhat corroded, but not nearly so much as the steel one. 

Another boiler built in 1876, of " open hearth " steel, after roDnii 
73,166 miles on a section of the line where the water is not considen 
had, was found to have been pitted and corroded in the bottom of tl 
cylinder part. At one place near the first seam, back of front ill 
sheet, a furrow nine inches long and varying from -j^ to -j^ of an infl 
in depth had been formed during the short time the boiler wis i 
service. At another place, close to the front flue sheet and direed 
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pletely aroand the engine house in a line directly over tbe back 
domes of the engines as they stand on the pits, and provided with a 
stop valve at each pit ; this pipe has direct connection with a laige 
steam pump which supplies a heavy pressure of water. 

Each engine is provided with a crown wash-pipe and an attach-* 
ment for washing bottom of cylinder part of boiler. These devices 
are both shown enlarged on the drawing. 

On the arrival of an engine after making a trip, connection is 
made with a steam hose from the valve in pipe overhead to a globe 
valve on the back dome, and steam drawn from the boiler is con- 
veyed to a large supply water tank. The temperature of the water 
remaining in the boiler is lowered gradually by introducing a stream 
of cold water, and the boiler is cooled evenly and without being 
subjected to the strain of unequal contraction. 

After the boiler has become cold the water is drawn off, connec- 
tion being made between the pipe overhead and the crown-sheet 
wash pipe. A powerful stream is thrown in jets over the crown 
sheet, which quiekly and thoroughly removes any incrustation which 
may have formed there during the trip. When the crown sheet l^as 
been cleaued the hose is attached to the shell wash-pipe, and the 
accumulation of mud and scale in the bottom of the cylinder part 
of boiler thoroughly washed out. This operation is repeated every 
round trip, and the result is that the boilers are kept comparatively 
clean, the crown sheets absolutely so. 

A water pressure, varying from seventy to one hundred pounds 
per square inch, is found necessary to dislodge the incrustation and 
remove it from the boiler. 

Since this system of washing out has been in operation a noticea- 
ble reduction in the expense of boiler repairs has been effected. 

A device designed to purify the feed water has been applied to 
some of the locomotives on this road. In applying it to an engine 
in service the forward dome is loosely filled to the ring with scrap 
iron, supported on a grating placed at the bottom of the dome ; this 
iron is heated to a high temperature by the steam, which circulates 
freely through the spaces between the variously shaped pieces. 

The i'eed water instead of being introduced at the usual place on 
the side of the boiler, near the front flue sheet, and below the water 
level, enters the boiler and is delivered in a spray, or in thin sheets. 
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in the steam space near the top of the dome, and falls directly on 
the highly heated pieces of metal with which the dome is filled. 
In trickllDg through and among these pieces of metal the lime-salts 
and other impurities held in solution are precipitated and adhere to 
the scrap, the water passing on through into the boiler in a compar- 
atively pure condition. The device has.been patented in this country 
and in Europe. 

The scale deposited in the dome is removed at intervals of about 
one month (this, however, depending on the nature of the service 
in which the engine is employed and the quality of the water), by 
taking off the dome cap, removing the incrusted scrap by hand, and 
scraping out the dome, which is then refilled with clean scrap or 
any other suitable substance to which the deposits will adhere. 

The average quantity of scale removed from the dome of an en- 
gine thus equipped, per one thousand miles run on the Chicago 
division of this road, is forty pounds, and I estimate that an equal 
quantity of mud in addition to the amount ordinarily removed by 
washing is washed out of the boiler during the same time, making a 
total amount of eighty pouuds of impurities removed per one thou- 
sand miles run by the use of this device. 

It is noticeable that when this arrangement is applied to a boiler a 
much greater quantity of mud is washed out than when the engine 
was running without it. This effect is the result of retaining the min- 
eral impurities in the dome. The particles of earthy matter which 
pass through the dome do not harden or form scale by themselves ; 
and, when separated from the mineral impurities as they are by this 
device, settle freely at the bottom of the cylinder part and leg of 
the boiler, from which places they are easily removed by washing. 

At places on the line where there are no facilities for properly 
washing out boilers, and where the scale is allowed to accumulate 
until it becomes necessary to remove the flues for the purpose of 
cleaning the boiler, the sheets in the bottom of the cylinder part of 
the boilers rapidly waste away. To protect these sheets against 
corrosion, and the wear resulting from the movement back and forth, 
from the motion of the water in the boiler, of the impurities which 
settle on them, I have had lining plates of common iron, about ^ 
of an inch in thickness and thirty-six inches in width, fitted to the 
bottom of the shell and secured in position by f inch rivets placed 
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twelve inches apart. These plates form no part of the structure of 
the boiler, but simply act as a protection to the sheets. Care is 
taken to have the edges of the plates fitted closely to the sheets of 
the boiler, and as an additional protection a heavy coating of min- 
eral paint is pat on the inside of the shell, under the plates, before 
they are secured in position. Very good results have been obtained 
from their use. 

The wear and corrosion acts on the plates instead of the sheets of 
the boiler. Several of our engines lined in this manner have been 
running two years, and show no perceptible signs of pitting or far- 
rowing of the sheets under the plates. The corners of the throat 
sheets, which are subjected to severe wear, have also been success- 
fully protected in this manner. 

This plan of lining those parts of the shell exposed to the greatest 
wear has not yet been tried long enough to fully demonstrate its 
value; but, from the experience we have had, I am satisfied it 
affords great protection to the sheets, and have had liners put in 
several new boilers recently built. 

« 

Respectfully, 

S. J. HAYES, SupH Machinery. 

On this subject your Committee present also the opinions of Mr. 
James M. Boone, Master Mechanic of the Western Division of the 
Pittsburgh, Ft. Wayne & Chicago Eailroad. 

Mr. Boone says, " In answer to your circular would say : 
^' 1st. I continue of the opinion that steel is the best material for 
boilers, with either wood or coal as fuel. I find iron to be more 
liable to corrosion than steel. Our first steel boilers were built in / 
1871 ; have never found any corrosion, furrows, or pitting inside of 
them. Iron boilers of the same size, same service, and using the 
same water have corroded on the inside in six years' service so bad 
that sheets had to be cut out and replaced with new. I believe thia 
pitting is produced by both mechanical and chemical action. The 
expansion and contraction of the sheets of iron open the fiber, water \ 
enters, and pitting ensues. Steel being more homogeneous than iron} 
this action does not so readily take place. The only action of this 
kind we have had on our steel boilers is at the inside corners of the 
fire box, at the mud ring. We have had less trouble here with our 
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steel than with iron boilers. To overcome this, I believe it would 
be an advantage to have the lower ends of the fire-box sheets 
rolled thicker to about the level of the fire. The bottom of the 
fire box would last longer by so doing. There is a possibility, how- 
ever, that the danger from sheets cracking would be increased by 
this increase of thickness." 

Still further, in regard to the best material for boilers, Mr. Sedg- 
ley, of the Lake Shore & Michigan Southern Railway, says : " We 
prefer steel for boilers, and find it much less liable to furrow, pit, and 
corrode than iron ; the pitting we attribute to the chemical action of 
the impurities in the water." 

Mr. William Fuller, General Master Mechanic of the Atlantic & 
Gt. Western Bailroad, in reference to this subject, says : " With the 
experience which the Atlantic & Gt. Western Bailroad has had with 
various kinds of metals for locomotive boilers and fire boxes, we pre- 
fer a first-class homogeneous steel for outside shell, fire box, and cyl- 
inder part of the boiler. On some portions of our road, where we 
are compelled to use lime water, we have found it necessary to use 
iron for crown sheets in place of steel, which we found by our experi- 
ence burned out and cracked from crown rivets much worse than iron 
sheets. We seem to have less trouble with steel boilers, on account of 
pitting and furrowing, than we did with iron ; yet we are not alto- 
gether free from furrowing by the use of steel. We have had con- 
siderable trouble with our steel fire boxes furrowing on top of 
mud ring, especially when we use water impregnated with lime. We 
also have considerable trouble with fire boxes being eaten away in 
the lower back corners on the fire side of the sheet. Thus far we 
have not had any trouble with our steel boilers furrowing at seams 
and bottom of cylinder part of boiler. We use bituminous block 
coal exclusively for fuel. The cause of boilers pitting and furrow- 
ing is no doubt due very much to the impurities in the water. Our 
boilers made of iron pit and furrow much more with the lime water 
than they do with water free from lime." 

From the reports made to us we find that there still exists a dif- 
ference of opinion as to the best material for the shell, and some 
other parts of the boiler, in the minds of some who have had a large 
experience in the care of locomotives. Steel is evidently taking the 
place of iron for boilers to a greater extent than ever before. The 
5 




66 

impTovements in machinery for manufactaring steel, and the care and 
skill exercised in determining its ohemical proportions, enables man.- 
ufacturers to produce steel suitable for almost uiy serviee that may 
be required of it. 

There are, perhaps, localities where, on aceonnt of cettain impuri^ 
ties in the water used, iron may answer a better purpose than steeli 
yet that fact is not prominently brought out. The localiti^^ where 
that seems to be the case are not numerous or e:itensiye. Pitting, 
as it is called, occurs at unlooked for places ; that is, it takes place 
where there is no apparent cause for it, while farrowing at seaow, 
cnryes, and where braces are attached, can easily be accounted for: 
The cause of pitting is not satisfactorily explained. We know that it 
occurs, and that on some roads it is a serious difficulty, while on 
others it is scarcely known. Our investigation? so far have failed to. 
determine the particular eause or a remedy. 

Our second question was as follows : 

'^ The best methods of constructing loeoinotiye boilers as te 
strength, tightness of seams, durability, si^ of rivets, and spac^ 
between them ; drilled holes compared with punched holes ; the best, 
plan of supporting the crown sheet ; strengthen in jb: the shell of the 
boiler at the base of the dome ; bracing the ends. Whether or not 
it is essential to anneal all flanged sheets after fiangiag ; the best 
arrangement for cleaning mud and scale from the baxreV of til* 
boiler and the crown sheet ; any other matters, regarded as an ioh 
provement over the common practice, in the oonstrttctioa and ar* 
rangement of locomotive boilers." 

In answer to the part of our subject refered to. in thia q^oestioiii 
we have been unable to obtain much information th^t haa npt beea 
heretofore presented in our reports. We find that more care and at- 
tention is given to details in the construction of boilers thao-ibnuerly, 
insuring greater safety and durability. The ^ welt ' at ^11 loqgi^ 
tudinal seams is being adopted by nearly *all builders,. The diffin:- 
ent forms of ' welt ' seam used by a number of differeat i[:o^s wsft. 
illustrated in the Eleventh Annual Beport. 

The plan of welt seam most generally adopted is similar ta tiM^ 
shown in Figure 2. We may safely say that a riveted seam eaa net 
be made as strong as the body of the sheet. It is of interest Uh 
know, however, how near in practice we can approach the: strength. 
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of the sheet by » welt at the seam. The rivet holes in a sheet, 
on aoy one line, weaken it to the extent of the metal removed 
in making the holes. Then, if a welt be extended from the single 
row of rivets at the edge of the seam out into the body of the 
sheet, and a line of rivets connect the edge of the welt with the 
body of the sheet alon^g B and £ F, the sheet itself will' b^ 
weakened at that point to the extent of the metal lost by making^ 
the holes ; and although the metal at the seam, along A B by 
reason of the welt, ia sufficient to make it as strong at that point 
as the body of the sheet, yet the sheet is weakened through C D 
and M F by the rivet holes necessary to fasten the welt to the 
sheet. 

Theoretically and practically we may say that a well-proportioned 
welt seam, < of a form shown in Fig. 2, can not have a strength 
greater than about 80 per cent, of that of the body of the sheet ; 
for this reason we will assume that the 
sheets and welt are § of an inch thick, 
and the rivet holes aire ^| of an inch 
in diameter, and that they are 2 inches 
between centers, along the line A B, 
there would then be ly^^ inches of ^' 
metal between the holes in the sheet 
and the same in the welt, and the 
seam at that point, so far as metal is concerned, would be stronger 
than the body of the sheet, provided the edges of the welt could 
be fastened to the sheets without weakening them at ^mt point, 
^ow, as there is mx%re metal between the rivet holes along the 
line A B, than on a similar line in the body of the sheet, all 
that is required to make the seam as strong as the solid sheet 
is to secure the edges of the welt sufficiently to the sheets. In 
securing these edges, however, the body of the sheet is weakened 
through the lines G D and £ F, to the extent of the metal re- 
moved in making the holes. Along the line A B 40.62 per cent, 
of the metal is taken away by the holes, leaving 59^.38 per cent.; 
but the welt adds an equal per cent, of metal, making 18.76 per 
cent, more metal between the holes on that line than tlirough the 
sotid sheet. Without fastening the edges of the welt to the sheets 
this seam would, however, be but 59.3d per cent, of the strength of 
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the solid sheet. The qacstion is then, how much oan be added to 
the strength of this seam by fasteniDg the edges of this welt, along 
C D and E F, to the sheets? To make it full streugth 40.62 per 
cent, should be added. If the rivet holes along the lines C D and 
E F be placed four inches between centers, then 20.31 per cent, of 
the metal along those lines will be removed, and the sheets weakened 
to that extent. Now, by placing rivets in these holes, seonring the 
welts to the sheets along those lines, the seam along the line A B 
will be strengthened to the extent of the strength of the rivets in 
the line C D or in E F. As these rivets have a sectional area of 
20.31 per cent, of the solid sheet, then at least that much will be 
added to the strength through the line A B, making a total for the welt 
seam of 79.69 per cent, of the strength of the solid sheet ; the dif- 
ference being 20.31 per cent., or precisely the per cent, of metal re- 
moved for the holes along C D E F. We may, therefore^ conclude 
that the limit of strength attainable with a welt seam of that form is in 
round numbers 80 per cent, of that of the solid sheet, and that this 
is, perhaps, the best form of welt seam, or as good as any, applicable 
to the locomotive boiler. The size of rivets and spaces between 
centers will, of course, depend on the thickness of sheets used. The 
proportions given above are for f inch steel sheets. 

In regard to the best method of constructing locomotive boilers as 
to strength, tightness, durability, etc., we have nothing radically 
new to report. 

Your Committee recommend, and believe it very necessary, to an- 
neal all sheets which are put into fire boxes, and all flanged sheets 
in other parts of the boiler ; by so doing the unnatural strains left 
in the sheets by flanging and working will be relieved. 

Mr. Sedgley, of the Lake 8hore & Michigan Southern Railroad, 
in reference to this subject says : " In regard to constmetion, siie 
of rivets, etc., our practice is to use \^ inch rivets in § inch plates, 
and welt all longitudinal seams and cross seams below the water line. 
We find but little difference whether the holes be drilled or pnnohed 
if the sheets are afterward annealed. 

^' We arrange the ends of the crown bars to rest upon the side 
sheets, using a washer 1^ inches high between crown bar and crown 
sheet, with small bearing on the latter. We also use a requisite 
number of stays between crown bar and outside of shell of boiler. 
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For cleaniDg mud and scale from boilers, we nse a cock ia the bot- 
tom of the cylinder part of the boiler Dear the front tube abeet, at- 
tachiDg hose for washing that part of the boiler, and washing the fire 
bos in the nenal manner." 

Mr. Jacob Jobann, of the Wabash Kailroad, has designed and pat 
in use in the boilers of several engines on that road, an arrangemeot 
for washing tbe mnd and scale from the bottom of the cylinder part 
of the boiler, shown id Fig. 3. 

Wabash Railway, Western Division— Standard Boiler Washer. 

Stg, 3. 




This arrangement, consisting of a curved pipe, with a series of 
nozzles projecting from the side and top of the pipe, is placed on the 
inside of the cylinder part of tbe boiler at the bottom, aod as close 
as practicable to the front tube sheet. Tbis pipe is attached to the 
bottom of the boiler, a part of it projecting out, to which, when the 
boiler is to be cleaned out, a hose or pipe is attached by a nut; water 
b then forced into the boiler through this pipe, and the series of 
small DOzzlea arranged oa tbe top and on the side towards tbe hack 
end of the boiler, at a pressure of from 50 to 100 pounds to the 
square inch, which dislodges tbe scale and mud that may have settled 
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on the bottom of the boiler or between the tubes in tbe Tieiaitj of 
the vertical nozzles, washing it back to the leg of the i>ot]er at the 
fire box, where it is readily removed through the haBd-hale&. Tbe 
check valve shown at H, closes the opening at the base of the pipe 
at all times except when water is being forced into tlie boiler when 
washing out 

This arrangement seems to be one that will answer a good parpose, 
provided the scale does not form on the inside of the pipe and sntli 
nozzles, as it does on the heating surfaces, and in time close them 
up. Access to these parts can only be had when the tubes are re- 
moved from the boiler. 

Mr. Fuller, of the Atlantic & Gt. Western Railroad, in alluding 
to the removal of scale and mud from boilers, says : ^' Our only 
successful way of removing scale and mud from crown sheet and cyl- 
inder part of boilers, is to remove crown bars and flues. We have 
obtained very good results from a blow-o£f cock, placed underneath 
at forward end of cylinder part of boiler, with a pipe running back 
into the ash pan, with levers from the cab to work it when the en- 
gines are running ; this being used frequently while in Bervice has 
operated quite successfully in keeping mud from the cylinder part of 
boiler." 

The third question presented in our Circular solioiting informa- 
tion, was as follows: 

^' It is important to know the best form of boiler, all things eon- 
sidered, for the different classes of locomotives, as between the 
' wagon top ' and the plain ^ straight ' boiler ; a single or double 
dome ; the best point for the dome or domes ; the cylinder part with 
a taper due to the thickness of the sheets of the different rings, 
or a taper considerably greater than that. The best foruk t^ fire 
box, and form of sheets composing it; whether corrugations of 
channels in steel and iron side and back sheets of the fire-box, ex- 
tending from the mud ring vertically to, say, thirty inches above the 
grate, are a preventative against rupture of such sheets, -and of leak- 
age at the stay bolts in the lower part of the fire box ; and if so, th« 
best form of such corrugations. Which the best, the /plain fire box,' 
the ' water table,' or ^ brick arch,' as regards evaporation ? The best 
thickness for the several sheets of the fire box and for the tubes.'' 

Mr. Sedgley, of the Lake Shore & Michigan Southern Bailroad) 
in reply to this question, says : " We prefer a taper of from three to 
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four inches in tlie length of the cylinder of the boiler without 
wagon top. Single dome, on first sheet forward of fire box. To 
strengthen the dome we flange the sheet on which the dome tests 
upward and outwardly, suifficiently to receive a row of rivets through 
the straight part Of the dome in addition to the usual row of rivets 
through the flange of the domB. For fire box we prefer sheets -^^ 
of an inch thick, except tube sheets -^^ of an in6h in thickness. 
Side sheets, corrugated or waved, about ^ inch, extending from mud 
ring upward about three feet. We find this form of corrugation a 
thorough preventative against rupture of plates, and also against 
leaky stay bolts, if the latter are |)roperly put in. We prefer plain 
fire boxes without water table or brict arches. We use No. 12 wire 
gauge tubes." 

Mr. Wilson Eddy, Master Mechanic of the Boston & Albany 
llailroad, says in reference to the best form of boilers : " I pat no 
domes on my boilers, and am making the cylinder part of two plates 
only, putting the front sheet outside, so that the ifront end is the 
largest. I am opposed to the usual method of telescoping boilers 
because I like the space for Water. G-ive me space for water and 
fire and I will risk the steam room, especially if I have the per- 
forated steam pipe properly constructed." 

Mr. Eddy's plan of tapering a boiler is the reverse of that gen- 
erally adopted. Your Committee consider Mr. Sedgley's plan, in 
the case of the ordinary American style of eight-wheel locomotive, 
to be much the best of the two, for the reason that the same quan- 
tity of water can be carried in a boiler regardless of the direction 
of the taper, other things being equal ; and when the forward end is 
smallest it will be lightest, consequently less dead weight will be 
carried by the truck, and a proportionately greater weight be car- 
ried on the drivers. 

Mr. George Coolidge, Superintendent Motive Power of the Fitch- 
burg Railroad Company, says that he gets no better results in the 
use of the wagon -top pattern of boiler than with the straight pat- 
tern, and considers the latter th« stronger form and preferable. 

The " straight boiler," as it is called, with a taper due only to the 
thickness of the sheets forming tho shell, is being more extensively 
used than formerly ; and, in the opinioti of your Committee, for or- 
dinary cases is the cheapest, strongest, most durable, and best form 
when made of sufficient diameter to afford the necessary steam room 
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Some contend that a dome is a useless appendage to a boiler, and 
ought to he dispensed with, yet no convincing reasons are given to 
show why the dome is useless. One objection urged is, that the 
dome-hole weakens the hoiler. It is necessary, however, to have 
access to the interior of the boiler, and there is no reason why the 
dome in its attachment to the boiler can not be made as strong as a 
man-hole. The top of the dome affords a convenient location for 
the safety valves and the whistle, and the interior a suitable place 
for locating the throttle valve, which, in case of a boiler having no 
dome, would require some special arrangement that, on the whole, 
would be as objectionable and expensive as a dome. 

The best point for locating the dome, so far as strength is con- 
cerned, is over the fire box. The dome-hole at that point weakens 
the shell less than at a point on cylinder part, for the reason that the 
braces extending from the crown barg to the dome, strengthen tbe 
shell in one direction, and the top stay bolts or braces, extending 
across the boiler above the crown sheet, strengthen it, or rather 
relieve it of part of the strain, due to a circular form, in the 
other direction. Let Figs. 4 and 5 illustrate. 

In the case of a dome over the fire box, 
Fig. 4, the shell at the dome-hole is strength- 
ened by the braces A B and and G B 
against the internal pressure in that direc- 
tion, while the tensile strain on the section 
J of boiler through E is relieved of one-half 
of the strain, due to a form represented in 
Fig« 5, for the reason that the top stay bolts 
and the transverse braces above the crown 
sheet, in the direction of H I, bear the 
strain below that point. 

In the case of a dome on the cylinder part 
of the boiler, as represented in Fig. 5, there 
can be no braces, except a ring be placed on 
the inside and riveted to the shell at J E, 
which would be a good plan and ample in 
strength if well proportioned. 

The plain rectangular form of fire box, 
without water leg or brick arch, is still very generally used on 
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nearly all the roads in this country. Some roads, however, have 
their passenger engines equipped with the brick arch ; and a few, 
mostly in the Eastern States, use it in their freight engines. Some 
roads, after testing the brick arch for several years, have abandoned 
its use, owing mainly to the difficulty experienced from the side 
sheets of the fire box cracking at or near the back end of the 
brick arch. 

The Chicago & North Western, Lake Shore & Michigan Southern, 
and several other roads have a large number of fire boxes in use 
with the waved or corrugated side sheets. The JefFersonville, Mad- 
ison & Indianapolis Kailroad have about twenty-five fire boxes in use, 
with vertical channels f of an inch deep between the alternate rows 
of stay bolts, extending froin the mud ring to about thirty inches 
above the grate. Some of these fire boxes have been in use over 
three years, and the side sheets are free from cracks or " checks " at 
stay bolts, and no leakage of stay bolts nearest the fire has ever oc- 
curred. These channels or corrugations seem to be an absolute 
preventative against rupture of the sheets. 

Mr. Sedgley makes the same statement in regard to his experience 
with the waved side sheets in use in the boilers on his road. 

Mr. Charles Graham, of the Lackawanna & Bloomsburg Kail- 
road, and Mr. Tilton of the Chicago & North Western Kailroad, 
give equally flattering accounts of the durability of the waved 
sheets in fire boxes of boilers in service on their roads. 

The causes which operate to produce rupture in fire-box sheets 
and the remedy, were fully explained and pointed out in our report 
to the Tenth Annual Convention. 

The thickness adopted for the several sheets of the fire box seems 
to be almost universally the same on all roads. They are for side 
and door sheets y*g of an inch, for crown sheets ^^ and § of an inch, 
and for flue sheets y^^ of an inch thick. 

Your Committee would call the attention of the members of the 
Association to a new form of boiler, designed and tested by Mr. 
Stefan Verderber, Inspector-in-chief of the Hungarian State Kail- 
ways, a full description and drawings of which was published in the 
Bailroad Gazette, February 28th, 1879. In Mr. Verdeber's plan 
the fire box as a steam generator is dispensed with. The fire box is 
an iron shell lined with fire brick ; the heated gases imparting their 
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heat to the water wkile passing throagh tlie tubea^ BSb tests with 
a locjomotive, contkiued fot a n-amber of weeks drawing freight trains^ 
when compared with the results shown by airother locomotive of 
isimilar proportions, having the ordinary fire box a&d ran on tlie 
same line, under the same circnmstanoes, show that he obtained u 
good results in evaporation with the boiler which had no wat« 
spaces around the fire box as with the one that had. Thia, aceording 
to the popular opinion, would seem to be paradozieaL Heretofore the 
belief has generally prevailed that a reductiom in heating surfiee 
would result in a reduction of the quantity of water evaporated to 
the pound of coal. 

In Mr. Verderber's published statement are a few matters to be 
considered, before concluding that the common practice ia to give 
way to something better and more economical in this fi[>rm of 
boiler: 

1st. It is stated that at the first trials oonsiderable difficulty wli 
experienced from leakage of the tubes and the bulging of the tabe 
sheet. This was, however, afterwards overcome by changing the 
boiler so as to allow the tube sheet and cylinder part of the boiler 
to extend back about a foot into the fire box. 

2d. For equal consumption of ^el, per hour, it was fomnd neces- 
sary to reduce the nozzles of the exhaust pipes to a considerable 
extent below that when the ordinary fire box was used. 

3d. The quantity of water in the boiler ii^s very much reduced^ 
causing the water level to fall much more quickly, and requiring 
closer attention in supplying the requisite quantity of f^d witter 
than in the case of the boiler with the water Hspaee fire box. 

4th. The settling of the solid ingredients contained in the i^ater, 
having less space in which to settle, the boiler required ttere fire* 
quent cleaning out. 

5th. The quantity of water evaporated to coal conBumed by tUs 
hoiler was an average of 4.55 pounds of water to 1 {ifO^tid of coal, 
while in the ease of the other locomotive of the same elaas and type, 
excefpt the fire box, which was of the ordinary pattern with watiet 
«paces, the evaporation was 4.62 pounds of water to 1 )K)and of ooal, 
being a slight increase. 

The evaporation in the case of the Verdeber boiler as giyein abo'v^ 
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Is a low average, aad Considerably below that of loeomotive h^U 
ers of the usual form in this country. 

If there is no advantage in evaporation to fuel consumed in favor 
of the Verderber boiler, it is very questionable whether it will 
prove to be more economical than the common boiler. A sliell ol^ 
boiler iron similar to that around the fire box is required to hold 
the brick lining, and the fire brick forming the lining will necessa- 
rily need renewing every few months, with the possibility of the 
lining burning out in the most exposed parts, at unexpected inter- 
vals, exposing the' metal shell to injurious temperature, etc., are 
likely, in the aggregate, to give as much trouble and be as expensive 
as the common water-lined fire box now in use. 

Our fourth question was follows : 

" The best proportions for a boiler that will evaporate the greatest 
quantity of water to the pound of coal consumed as demonstrated in 
practice. State the style of engine, size of cylinders, of driversi, 
average speed of train ; the weight of engine and train, water evap- 
orated per hour, and per pound of coal, kind and quality of coal ; 
the character of water as to the formation of scale. Give area of 
grate, length, width and height of fire box above the grate, area of 
fire-box heating surface (deducting for fire door and tube holes)., 
area of tube surface (taking inside diameter), number, length, anol 
diameter of tubes, kind of tubes, spaces between them ; water spaces 
around the fire box, depth of water on erown sheet; weight of water 
in the boiler, in working condition ; diameter of boiler at the mid- 
dle of its length; * straight* or * wagon-top ' pattern; thickness of 
fire-box sheets^ and of tubes; area of liollow stays, if any, and 
where situated ; single or double exhaust nozzle, and diameter of 
same ; thickness of bars in the grate, and spaces between them. It is 
important to know the proportions, as above, of boilers evaporating 
the greatest quantity of water to the pound of coal, and your Com- 
mittee will be glad to get the data as indicated in the case of loco- 
motives giving the best results in evaporation, as a means of 
determining whether any change from the proportions of boiler, now 
in general use^ can be made that would restilt i^ ^onOiHy in the use 
of fuel. We earnestly solicit replies to the above." 

In reply we have received communications from iseveral Mast^ 
Mechanics and Superintendents of Motive Power, yrhich we prese&t 
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with this report. That of Mr. Johann, of the Wabash Railroad, 
is as follows : 

Wabash Eailroad, Western Division. 

Beub£n Wells, Esq., 

Chairman of Committee on Locomotive Boilers: 

Dear Sir — I propose to give in the following paper the results of a 
series of experiments made by me during the past year, to determine 
the economical superiority of a large, over a small, fire box and boil- 
er, with the same cylinder capacity. Basing this superiority upon 
the tonnage per mile per pound of coal, instead of upon the miles 
run to the ton of coal, and the water evaporated per pound of coal, 
as has been the practice in nearly all experiments tbat have come 
under my observation. 

Having but one class of engines on this division, namely, the or- 
dinary " eight-wheeled or four-coupled " American engine, I am 
necessarily confined in my experiments to existing differences in this 
one class of engine; and, furthermore, as the majority of the boil- 
ers of these engines are of the ^^ wagon-top form," and possess bat 
little difference in their capacity, my field for experiment in this di- 
rection is exceedingly limited. The chief difference in the boilers 
of these engines, consists in some having an eight incb longer fire 
box, and consequently more steam and water capacity for the same 
dimension of cylinders. 

For the purpose of experiment four engines were selected whieh 
were of the same make originally, and which were, as near as pos- 
sible, in the same general condition as to running order at the time 
the experiments were made. Two of these engines are in passenger 
service and two in freight service; one in each service having an 
eight inch longer fire box than the remaining one. These engines 
were then fitted up with the necessary apparatus for conducting the 
experiments and placed in service over the same part of Hob di* 
vision. 

METHOD OF CONDUCTINQ THE EXPERIMENTS. 

For ascertaining the actual amount of water consumed, a piece of 
six inch wrought iron pipe was inserted through the top of the tank 
and reaching to the bottom, just in front of the man-hole, and was 
then well braced to prevent vibration. The bottom of this pipe was 
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closed and a number of small holes drilled near the lower end, of 
just sufficient area to allow the water ready access to the inBide of 
the pipe as rapidly as the water rose in the tank when filling. A 
small wooden float, with a stem graduated in inches, was allowed to 
play up and down in this pipe, with rise and fall of the water, and 
held in a vertical position by passing through a slotted hole in a 
sheet-iron cap or cover to the pipe. By this arrangement the wooden 
float was but slightly subject to the oscillations and ^^ swashings '' of 
the water in the tank, and indicated at any time the actual height 
of water. Care was taken to prevent the water in the tapk from 
getting too low to buoy up the wooden float. 

The accompanying sketch, Fig. 6, will show more clearly the 
method above described : 

Longitudinal Section Through Tank. 




Before starting out upon the experiment each tank was run upon 
the scale and weighed, an arbitrary number of inches of water were 
then allowed to run out, and the tank again weighed, from which was 
obtained the weight of one inch in height of water in each tank. 

During the experiments the height'bf the water was noted, imme- 
diately upon the engine being coupled to the train, before and after 
each taking of water and upon being uncoupled from train, thereby 
obtaining the data from which the actual weight of water used 
during each trip was obtained. 



WEIGHT OF THE COAL USED. 



At the beginning and ending of each series of experiments 
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the coal in the tank was weighed ; while on the road the weight ii 
pounds as given at the ooal chutes was assumed to be ooxreot 

PTBOMETER. 

The pyrometer used during the experiments Vas kindly loaned bj 
Prof. Chas. A. Smith, of Washington University, St. Louis, Mo^ 
and is marked ^'Casartelli, Manchester;" it is graduated to showt 
temperature of 1,200^. It was projected as near as possible throngh 
the top of the smoke arch, ahout five inches in front of the flue 
sheet, and extended nearly to the hottom row of flues; by thus 
crossing all the horizontal rows of flue openings an average temper- 
ature of the gases passing through them, was more nearly obtained. 
On the passenger runs the reading of the pyrometer was noted eveiy 
three minutes, and on the freight runs every four minutes, together 
with the position of the reverse lever. 

In obtaining the average temperature during each trip, all readiogs 
obtained after shutting off steam were discarded, togetber with tem- 
peratures in starting out of stations, as it was noticed tbat the pointer 
rose rapidly when warming up and then gradually settled back. 

TEMPERATURE OF FEED WATER. 

The temperature of the water, as indicated by a tbermometer 
placed in the tank, was noted at stated times during eaeh. trip, and 
an average temperature for each series was obtained from these. 

WEIGHT OF PASSENGER TBAINB. 

In estimating the weight of the passenger trains tbe oumbers and 
classes of cars composing each train was noted, and from the official 
record the weight of these cars was obtained. The weight of the 
passenger load was obtained by counting the number on the train at 
different times during each trip, an average taken, and 130 pounds 
weight allowed for each passenger. 

EXPERIMENTAL TRIPS WITH PASSENGER ENGINES 150 AND 144. 

The experiments were made in August, 1878 ; both engines run- 
ning at the same time and in the same service. Engine 144 was 
turned out of shop, after receiving general repairs, on April 13, 1878. 
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Engine 150, when taken into the shop the last tiaie> was of thiQ same 
dimensions as engine 144. The fire bo:^ aQd leg of boiler were then 
lengthened out e%ht Inches, and, the engine was turned out of the 
shop, after receiving general repaijps,. March 15=th^ 1878. 

These engLQ.e&were then started out on the experiusient in the reg- 
ular passenger runs, each engineer running his own engine. As the 
engines ou this division are run "first in,' first piit,'' each engine 
made oae or more trips with the same trains. 

By reference to. Table A, which con taiuB the tabuldited resuljtis of tliia 
series of experiments, it will be seen that engine 144, with the smaller 
fire box, shows trifling better re&ults as to coal and water coQ^ump- 
tiiou, and tonnage per mile, than engine 150« 

This may be accounted for,, however, by the facts that the ^tverage^ 
train was heavier, and consequently the engine was woijking nearei; 
its maximum capacity, and that the eugineer u^ed extra preqautioAS, 
during the trial, while the engineer of engine 150 ran as usual. This 
latter statement is borne out by the fact that in the "yearly per- 
formance" of the two engines for 1878, engine 150 made 35.06 miles 
to the ton of coal, while engine 144 made 33.65: miles, a difference 
of 1.41 miles to the ton of coal iu favor of engine 150 — the ayerage> 
train for the year on this ruu being six cars. 

EXPERIMENTAL TRIPS WITB^ FRJIJGHi: ENGINES 159 ANDr 171. 

These experiments were made in March and April of 1878, both 
engines running over the same portions of the division, and as nearly 
as possible on through trains. Engine 159, with the smaller fire 
box, and engine 171, with the larger fire box, were both turned out 
of the shop, after receiving general repairs, in November, 1878. 

From the experience in the previous experiment of running each 
engine with its regular engineer, I determined in this case to select a 
good average engineer and fireman, and allow them to run both en- 
gines, and in order to familiarize themselves with the engines, they 
were required to make two trips with each before any records were 
taken. This, of course, necessitated the running of the engines 
at different times, but the result proved the advisability of the change. 

As will be seen by reference to Table A, engine 171, with the 
larger fire box, gave much the best results, averaging 3.27 miles 
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more to tlie ton of coal, nearly half a pound more water evaporated 
to the pound of coal, and t.67 tons more tonnage per mile per pound 
of coal. This result is justified by the yearly performance of the 
two engines for 1878, engine 171 making 30.9 miles per ton of coal, 
and engine 159, 28.6 miles to the ton of coal, a difference of 2.3 
miles per ton of coal in favor of engine 171. 

As will be seen, this comparative yearly performance correspondfl 
with that between engines 144 and 150, and is a further corrobora- 
tion of the superior *^ jockeyism " exhibited by the engineer of engine 
144 during the time of the experiment. 

In determining the average train weight, when cars were onlj 
hauled a portion of the distance, the weight of the cars hanled audi 
a distance was reduced to an equivalent weight hauled the entire 
distance of 113 miles, thereby obtaining in each case an average 
weight of train hauled 113 miles. 

EXPERIMENTAL TRIPS WITH PASSENGER ENGINE 144, WITH CL08KD 

AND HOLLOW STAY BOLTS. 

The class of engines to which the 144 belongs came on this road 
fitted up with two rows of hollow stay bolts around the fire box. 

In the winter of 1876-7, the engineer of engine 144 made serionfl 
complaint as to the difficulty in obtaining sufficient steam, and attri- 
buted this difficulty to the hollow stay bolts. I then had them j! 
plugged up with red lead, with a marked improvement in the «n- ! 
gine's steaming qualities. The hollow stays on other engines of t 
the same class were filled in the same manner, and with the same < 
result, and I then discontinued the use of hollow stays. \ 

In order to justify myself for this discontinuance, I made a series j 
of trips in March, 1879, — one series with the stay bolts still closed, { 
and another with the stay bolts opened out. 

These stays were eighty in number, with -j^^ incl^ openings, ar- ' 
ranged with 18 in the front and back, and 22 on each side of the 
fire box. The height of the first row above the top of the grate 
being 11 inches, and the distance between the rows 4 inches. The 
total area of the openings being 12.027 square inches. 

The results of these experiments are also given in Table A. The 
evaporation of water to the pound of coal is a trifle better with the 
open than with the closed stay bolts, yet the average tonnage b 
nearly eight-tenths of a ton per mile per pound of coal less. 
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PYROMETER EXPERIMENTS FOR ASCERTAINING THE AYERAQE TEM- 
PERATURE OF THE GASES IN THE SMOKE BOX. 

At the time of making the open and closed stay-bolt trips, the 
temperature of the smoke-box gases was also noted. 

By a reference to Table A, which contains the results, it will be 
seen that the average temperature of the escaping gases was greater 
with the closed than with the open stays, but at the same time the 
tonnage per mile was proportionally much greater. 

This experiment shows also the effect of an increased speed in in- 
creasing the average temperature of the gases, the rate of speed 
of train 6 being 19.26 miles, and of train 3, 34.77 miles per hour, 
the average temperature of gases in both caBes being greater for train 
3 than for train 6. 

While standing still, the temperature of the gases varied from 
375^ to 400^, and while going into stations after shutting off steam, 
from 500^ to 550^. On opening the fire door for the purpose of 
*' coaling up," the temperature dropped from 50° to 75°. 

The number of seconds required for the smoke to clear away from 
the stack was also noted at various times and under various circum- 
stances, the timing beginning immediately after closing the fire door 
on the last shovel full of coal. With the closed stays it required 
on the average 41 seconds, and with the open stays 38 seconds, for 
the smoke to disappear. 

On Table A will also be found the results of the pyrometer tests 
with the two freight engines 159 and 171. The average temperature 
of engine 171, with the large fire box, is much greater than with 
engine 159. But again it will be noticed the engine showing the 
highest average temperature has also much the largest average ton- 
nage per mile. 

In this experiment it was observed that when the engine was 
working hard and moving slow, with the lever full forward, the 
highest temperatures were obtained ; but if the lever was moved 
back slowly as the speed increased, the temperature fell but little. 
The length of the blasts being shortened, but their rapidity increased. 

The ruling grades over which the engines run are given in Table 
A. An analysis of the coals used, which were of a kind known as 
Illinois block coal, show the average to have been as follows : Calo- 

6 
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rific power, 6,555°; calorific in tensity, 2,586^; calorific power as 
compared with carbon as 100 to 81.36. 

From the results obtained from these experiments I arrive at tlie 
conclusion that the boiler with the largest capacity to any giTen 
size cylinder is the most efficient and economical. And while aware 
that under certain conditions the smaller boiler shows an equally 
good performance, yet when loaded to the fullest capacity of the 
cylinder power, the larger boiler will invariably appear to better 
advantage in economy and work performed. 

In reference to the escape of gases at very high temperatares from 
the stack, there is no remedy as long as we use the exhaust nouks 
to create a blast. The proper remedy can only be obtained by in- 
creasing the grate area and heating surface, to allow the gases a 
longer time for complete combustion in the fire bed, and thereby be 
enabled to enlarge the exhaust nozzles, thus preventing the vioknft 
lifting of the fire and expulsion of the gases before the heat a ex- 
tracted by the water. Under the present condition of things thii 
is hardly attainable for want of sufficient space. 

The results of the experiments with hollow or open stay bolts aa 
compared with solid or closed stay bolts, indicate an aulvantage ii 
favor of the solid stays. Although in the case of the hollow stays 
there was not so much smoke, nor was the temperature of the es- 
caping gases so high, as in the case of the closed stays, but there m 
a decided economy in work done in favor of the latter. 

From my observations, not only from these experiments, but 
from the general work done on this division by engines of the sane 
capacity with both kinds of stay bolts, I am satisfied there is no eco- 
nomical advantage whatever in the use of hollow stays as loiigaa 
sufficient air can enter through the grate and pass through the fire bed. 

Very truly, yours, 

JACX)B JOHANN, M. IL 

Mr. Fuller, of the Atlantic & Great Western Bailroad, gives tlit 
dimensions of a passenger engine of the ordinary eight- wheel pat- 
tern, and the results of a test made with the same on that road, 
which are set forth in Table A. The boiler Is of the wagon-top 
pattern, having hollow stays on the side and back of the fire box, 
12 inches above the grate, the area of the holes aggregating 3.33 
square inches. 
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In regard to proportions and work done per pound of coal con- 
eumed, Mr. Sedglej, of the Lake Shore & Michigan Southern Kail* 
road, makes the following statement : 

^^ In regard to performance of engines, etc., I enclose you a state- 
ment showing performance of 7 Baldwin Moguls and 7 eight- wheel 
engines on our road last year. The Moguls have straight boilers, 
with dome on sheet forward of fire-box ; 148 two-inch tubes, 11 feet 
2 inches long, with fire box 5 feet long and 5 feet deep, 35 inches 
wide, and heating surface, 846 feet, inside measure ; 16 by 24 inch cyl- 
inders, and 4^-feet wheels. The eight-wheel engines have wagon-top 
boiler, dome over fire box, the latter 5 feet 5 inches long, and 5 
feet 3 inches deep, and 35 inches wide; 155 two-inch tubes, 11 feet 
1 inch long; heating surface, 893 feet, inside measure; 17 by 24 inch 
cylinders; 5-feet wheels. Both engines were in similar condition, 
service, etc., and it would seem to be a very fair test. 

" The 7 Mogul engines made a total mileage of 228,057 miles, 
with an average load of 41.95 loaded cars per train mile, and a con- 
sumption of 1,73 pounds of coal per car. The 7 eight- wheel engines 
made a total mileage of 221,100 miles, the average load being 41.24 
cars per train, and consumption of coal, 1.77 pounds per car 
per mile." 

From this report it seems that the 7 Mogul engines, with the 
straight boiler and a heating surface of 846 feet, did 2.20 per cent, 
more work to the pound of coal than the eight- wheel engines with 
wagon-top boiler and 5.25 percent, more heating surface. The work 
done by all these engines to the pound of coal is remarkably good. 

Mr. James M. Boone, of the Pittsburg, Ft. Wayne & Chicago 
Railroad, in giving the results of a test of one of his boilers, says: 

" This engine is the ordinary American engine, with cylinders 16 
by 24 inches; drivers, 66 inches; weight of engine, 73,000 pounds; 
weight on drivers, 46,700 pounds; coal used was bituminous, of a 
fair quality, known as State line coal; the water is bad, forming 
scale very rapidly ; grate area, 15 square feet; fire box, 60 inches 
long and 36 inches wide. At front end, fire box is 55^ inches high ; 
a,t back end, 50^ inches high aboi^e grates, crown sheet being on an 
angle. Heating surface of fire box, 86.1 square feet; area of tube 
surface, 745 square feet; tubes, 149, 11 feet long. If inches inside 
diameter; iron; space between them, ^ inch back and || inch 
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front end ; front of fire box, 4-inch water space, sides and back end, 3]^ 
inches. With two gauges of water ; 6 inches depth of water front 
end of crown sheet, and 11 inches on back end. With two gauges; 
the weight of water in boiler is 6,550 pounds in working condition. 
The boiler is 48f inches in diameter in middle of its length ; wagon 
top, 10 inches above straight part ; crown sheet, -f^ inch ; side sheet, ^ 
inch ; tube sheet, -^^ inch ; tubes. No. 10, gauge thickness ] 58 hol- 
low stays, the first row, 7 inches above grate, next row, 11 inches 
above grate; area of opening in hollow stays, 6.4 square inches; 
double exhaust nozzles, diameter of opening of each, 3 inches ; bars 
in grate, ^ inch thick, with f inch opening between them. The 
above described boiler is a good steamer ; will make steam freely 
with nut coal ; does the best work with about 4 inches of coal on 
the grate." 

The proportions of this engine and the results of the test are set 
forth in Table A, and show very good results in work done for fuel 
consumed. 

On the question of '^ best proportions," we find that the practice 
with English locomotive builders is to use more tubes and of a 
smaller diameter than is the practice in this country. On this sub- 
ject Mr. Edward H. Williams, of the Baldwin Locomotive Works, 
who has observed carefully the working of English and Ameri- 
can locomotives on the same roads, under the same conditions, in 
Russia, New South Wales, and in South America, states to the Chair- 
man of your Committee that from his observation of English loco- 
motives he does not think their boilers show any greater economy in 
fuel than ours, when the work done is considered. English boilers 
generally have smaller fire boxes and more flues than American 
boilers for the same cylinders. For example, the first locomotive 
which the Baldwin Locomotive Works built for New South Wales, 
the general dimensions were as follows : Cylinders, 18 by 24 inches ; 
driving wheels, 62 inches diameter ; diameter of boiler, 50 inches ; 
187 tubes 2 inches diameter, 10 feet ^ inch long ; fire box, 72 
inches long, 34^ inches wide. They had in New South Wales En- 
glish locomotives of substantially the same plan, with cylinders and 
driving wheels of the same dimensions. The boilers however had 
more tubes, and a fire box 48 inches long by 40 inches wide. They 
get the greater width by using slab frames. As a matter of fact. 
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under Mr. Williams' observation, lie states that the American engines 
palled a greater number of cars tban the English locomotives of the 
same class, and showed a greater economy in the use of fuel per car 
per mile. 

The Chairman of your Committee made a series of tests of tem- 
perature in the smoke box of four freight and three passenger en- 
gines on the Jeffersonville, Madison & Indianapolis Railroad a few 
weeks ago, the results of which are set forth in Table A, together 
with the proportions of the boilers, weight of train ^ speed, and other 
matters relating to the circumstances under which the tests were 
made. 

The tests of temperature in the smoke box made on the Jefferson- 
ville, Madison & Indianapolis Eailroad with the freight engines were 
all over the same part of the road, going in the same direction, using 
the same kind of coal, and on the same trains (night freight). The 
distance run for each test was 38 miles. The distance run in mak- 
ing the other tests are given in Table A. 

The tests with passenger engines were over the same part of the 
road, going the same way, the runs testing smoke- box temperatWe, 
being 49 miles; all other particulars are set forth in Table A. 
In each case the temperature indicated by the pyrometer was 
recorded every thirty seconds, and the steam pressure noted every 
minute. 

The instrument used was one of Ashcroft's pyrometers, the stem 
of which was placed diagonally across the smoke box, 6 inches from 
the tube sheet. Before making the tests the pyrometer was care- 
fully tested with a mercury thermometer graduated to the boiling 
point of mercury and adjusted so as to indicate the same temperature, 
and there is every reason to think the instrument was correct, or at 
least as reliable as such instruments usually are. 

The tests of temperature in the smoke box while the engines were 
doing their ordinary work were made in order to determine the tem- 
perature of the gases (the product of combustion) as they pass out 
of the tubes into the smoke box, when they no longer serve a useful 
purpose in the generation of steam, if we except perhaps the effect 
produced by superheating the steam on its way to the cylinders in 
passing through the heated pipes in the smoke box. A column in 
Table A gives the average temperature in the smoke box of a num- 
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ber of different engines — those on the Jeffersonville, Madison k In- 
dianapolis Railroad for a continuous run of 38 miles with freight 
trains and 49 miles with passenger trains for each test. 

While standing, and with only the natural draught, the temperatnie 
in the smoke box was from 375^ to 450^ Fahrenheit, the steam 
pressure at the time being from 100 to 138 pounds per ineli. When 
starting a train with a full pressure of steam the temperature would 
in many cases increase as much as 400^ in two minutes, going 
up as high as 875"", 900"^, and 925"" within three minutes of 
the time of starting. It might be supposed that the smoke-box 
temperature and the steam pressure of the boiler would bear a elose 
relationship to each other ; yet this was not the fact. The tempen* 
ture depended on that generated in the fire box and the strength of 
the draught at the time. Other things being equal, the stronger the 
draught the higher the temperature in the smoke box, was the mlt. 
The draught being strong, the gases pass through the tubes in so short 
a time that but little heat is imparted to the water snrroundiDg 
them, by a given yolume of the gases, as compared with what wonM 
occur if more time was given. 

The temperature of the water due to a steam pressure of 140 
pounds is in round numbers 350°, and if the temperature is increased, 
the pressure is, of course, correspondingly increased, and vice vena. 
Temperature always tends toward an equilibrium ; if that of ihe 
gases is higher than the water surrounding them, the tendency to 
equilibrium will cause heat to pass to the water. The rapiditj 
of its passage, in point of time, will however depend upon the dif- 
ference in the temperature of the two. The greater that difierenee 
the more rapid its passage, other things being equal. This fmot miy 
be proven by placing two pieces of metal of the same kind aod 
cubic contents in perfect contact, the one piece being of a tempen- 
ture 2° higher than the other; then note the time that elapses until 
both are of the same temperature (the one losing 1^, and the other 
gaining as much) ; then take the same two pieces and increase tho 
temperature of one to say 500®, while the other is at 70®; thei 
place the two in contact, and note the time required to raise the tem- 
perature of the latter to 71°, and reduce that of the former to 499*. 
It will be found that in the latter instance the time is much bM 
than in the former. In any case, however, time is required ; it is an 
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Now, if the gases leave the tubes and pass oat of the stack at a 
temperature of about 400^ above that of steam at 140 pounds 
pressure, the question naturally arises: Can not a portion of this 
surplus heat be utilized by a change in the proportions of our boil- 
ers ? If these heated gases could be retained longer in contact with 
the cooler water surface, a proportional quantity of their heat would 
be absorbed by the cooler body ; and if absorbed it would give out 
its equivalent in work done by the engine. 

How, then, can the heated gases be retained longer in 9ontact with 
the water surface (heating surface) ? To produce a high tempera- 
ture in the fire box, a good draught is absolutely necessary to supply 
the requisite oxygen, that combustion there may be as nearly perfect 
as possible. The nearer perfect it is, the higher the temperature 
of the gases will be which are the product of that combustion, 
other things being equal. After the chemical changes known as 
combustion have taken place in the fire box, generating the highest 
temperature due to the fuel used, the desired object then is to retain 
the heated gases as long as possible in contact with the heating sur- 
face, so that as much heat as possible may be absorbed by the water. 
How, then, may this object be accomplished ? If we assume that a 
boiler with a given size fire box has 100 tubes, 2 inches outside 
diameter and 11 feet long, we would have in this case a tube surface 
of about 521 feet, measuring the inside surface. The area of the 
holes (inside diameter) would be about 258 square inches. Now, if 
double the number of tubes of the same diameter and length be placed 
in this boiler, then the tube surface and the area of holes will be 
doubled, and the same volume of gases would have double the time in 
passing through, and having double the time, more of the heat would be 
absorbed by the water, without in any way interfering with the draught 
or process of combustion in the fire box. The draught of air into the 
fire box should be better in the latter case than in the former, for the 
reason that the tube area is greater, and consequently less friction 
from an equal volume of gases passing through in a given time, and 
the influence of the exhaust in the smoke stack would be more 
effectual in supplying air to the fire box than in the case of the 
smaller number of tubes. 

How much more of the heat would be absorbed by the water by 
this increase of tube surface, we do not know to a certainty. Neither 
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is it known what proportion of the steam generated in the boiler is 
from a square foot of the fire-box surface, and what from a foot of 
tube surface. These are matters which have never been determined 
in the case of a locomotive boiler so far as your Committee are 
aware,- but which would be of value in determining the best propor- 
tions if known. By doubling the tube surface we would not, how- 
ever, increase the value of that surface for evaporation in an equal 
degree, for the reason that, as the temperature of the gases decreased 
by being longer in contact with the cooler surface, the difference in 
temperature would become less, and consequently the passage of heat 
from the one to the other would be slower, as in the case of the two 
pieces of metal referred to above, when the original difference be- 
tween them was but 2^. By largely increasing the number and area 
of the tubes, the draught through them would be correspondingly 
slower, and when not sufficiently strong to carry the cinders and 
small coals which lodge in them through into the smoke box, 
some would stop up and cause more or less trouble and ex- 
pense in keeping them clean. How much the tube area may be 
increased without getting to a point where its advantages will be 
counterbalanced by disadvantages, we of course are unable to deter- 
mine. We believe, however, that, as a rule, locomotive boilers as 
proportioned in this country are deficient in heating surface, par- 
ticularly so in the tube surface. We are led to this conclusion from 
the experiments we have made in the temperature of the gases after 
they have passed through the tubes and become waste heat. We 
find that when they are thrown away, so to speak, that they still 
have a temperature of about 400^ above that of the steam in the 
boiler, and it is to this waste of heat that we call the attention of 
Master Mechanics and others interested in the economical working 
of our locomotives. The heat generated in the fire box represents 
the cost of the fuel, and if any of it is wasted, it is equivalent to a 
proportionate waste in the purchase of the fuel. 

It is not probable that any boiler can be adopted for the locomotive 
which will utilize or take up all the heat from the gases above that 
of the steam within it, yet, when the greatest economy in the opera- 
tions of our railroads is a matter of necessity, it would seem that we 
should make further efforts at obtaining greater results in work done 
to fuel consumed than has been done heretofore, by endeavoring to 
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proportion our boilers so as to extract at least a portion of the beat, 
which our tests have shown is constantly being carried through and 
out of the tubes while the engines are doing their work, and which 
is practically wasted. As regards economy in fuel, much depends 
also on the care and judgment exercised both in running and firing 
the locomotive, and the condition of the heating surface as to scale, 
as well as on the proportions of the boiler. 

Further, upon the subject of " the best proportions," your Com- 
mittee have received the following communication from Mr. Howard 
Fry, Superintendent of Motive Power of the Philadelphia & Erie 
Division of the Pennsylvania Railroad Company, giving the propor- 
tions of the best patterns of English locomotive boilers in tabular 
form ; also, that of some of the best American patterns, together 
with sketches of some of each. Mr. Fry's very valuable and in- 
teresting contribution to our report is as follows : 

WiLi^iAMSPORT, Pa., May 5th, 1879. 
Beuben Wells, Esq., Chairman Boiler Committee, 

American Bail way Master Mechanics' Association: 

Dear Sir — Herewith I beg to submit for the use of your Com- 
mittee a table giving some leading dimensions of English locomotive 
boilers. The figures are all taken from private information in my 
possession, and represent the best and most recent practice. 

I have added to the list similar dimensions of three Amerieaii 
locomotives by first-class builders. You will note that there is no 
material difference in the proportions of grate and fire-box surface 
between the American and English engines designed for similar 
work. Thus engines A, B, F, I, and U are nearly alike in these 
dimensions. The principal difference is in the flue surface, which is 
greater in English than in American practice. This extra surface is 
gained by using smaller flues and more of them. You will, how- 
ever, note that the proportion between the diameter and length of 
the tubes, or as it is technically termed the '* calorimeter,'' does not 
greatly vary. A calorimeter of about 80 may be taken as represent- 
ing the best practice in both countries. 

Attached to this report are a few rough sketches, which will serve 
to indicate the general outlines of English boilers of recent design. 
The prevailing feature is extreme simplicity of form. The raised 
wagon tops and the large domes, which greatly weaken American 



PRC 



DESCRIPTION OF E^cs 



MAKER. 



Baldwin's 

Schenectady 

Atlas Works 

London, Brighton & S. C. Railway... 

London N. W. Railway 

Midland Railway ,. 

London, B. & S. C Railway 

Great Northern Railway 

London, Chatham & Dover Railway 

North Staffordshire Railway. 

Canadian Railway 

Bristol & Extern Railway 

North-Eastern Railway 

Caledonian Railway 

Glasgow & S. W. Railway.. 

London & S. W. Railway 

South-Eastern Railway 

Lancashire & Y. Railway .-. 

Metropolitan Railway 

Great Eastern Railway 

London & N. W. Railway 

Brooks Locomotive Works 



CLA 



J 



Passenger... 
Passenger... 
Passenger... 
Passenger.. 

Freight 

Passenger... 

Freight 

Passenger.. 

Passenger.. 4 

Passenger ( 

Freight.... 

Freight.... 

Freight.... 

Freight.... 

Mixed 

Passenger... 
Passenger...! 

Freight | 

Passenger {\ 
Freight.... 
Passenger. 
Passenger. 



t 



A 
B 
C 

E 

F 

G 

H 

I 

J 

E 

L 

M 

N 

O 

P 

Q 

B 

S 

T 

U 

V 



93 

boilers, though in justice to the manafacturers I will say thej most 
always recommend a simpler form than the one now unfortunately so 
popular. Within the last few years crown bars have been frequently 
dispensed with in English practice, and the simpler form of staying 
with through bolts adopted. This plan, which was used by Henry 
Tyson twenty years ago on the Baltimore & Ohio Railroad, is still 
sometimes used in America, but not so frequently as its merits de- 
serve. Brick arches are largely used in both English and American 
engines, but the deflecting plates above the fire doors, which are ab- 
solutely necessary to insure a proper combustion of smoke, though 
most always used in England, are rarely seen here. In England, 
tUe fire.door'is often made to open inward, so that the deflector is 
only in position when firing is going on. 

In the construction of ash pans and dai^pers, the English take 
great care to have a means of checking the draught to the fire. The 
ash pan is made of plate at least y^^ inch thick, and stififened with 
angle iron to prevent warping, and the dampers are arranged to close 
air-tight, and are operated either by a lever and notch plate, or by 
a screw, so that the fireman can, by regulating the opening, control 
the steam without recourse to the objectionable practice of opening the 
fire door. 

The superior economy in consumption of fuel by English engines 
can not, of course, be all credited to the boiler. The valve gearing, 
the arrangement of the cylinders, especially as regards the position 
of the steam and exhaust ports, and the great care taken in educat- 
ing the engine-men, are all important factors in the question of fuel 
consumption. That the English engines are very economical, an 
inspection of their fuel reports will show. Looking over a number 
of such reports in my possession, I note that on one line, with fre- 
quent grades of from one in 50 to one in 200, and hauling passenger 
trains equal in weight to seven American coaches, with stops at in- 
tervals of every three miles, engines with cylinders 16 by 24 inches 
and four wheels coupled, burn 35 pounds per mile. Express engines 
on a level line, making an average speed of 45 miles an hour, with 
train equal to six American cars, burn from 21 to 25 pounds per 
mile. On another line, with grades of one in 50 and one in 100, 
express engines hauling trains equal to seven American coaches, at 
a speed of 47 miles per hour, burn 27 pounds per mile, this being 
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tbo average of a number of engines, and not the best perforDaaei 
of any one. 

Freight engines on the line last referred to haul 46 Engliil 
wagons, probably equal to 25 of our loaded box cars, consamiog ti 
poundH per mile. Another line reports an average oonsamption of 
35 pounds per mile, with an average train of 55 wagons, the engiM 
being 17 by 24 inch cylinders and six wheels eoupled. 

On one line, the express engines, with 16 carB, weighing 10 tOM 
each, burn 27 pounds per mile, and on another railway the ezprai 
enginoH, with 10 cars, burn 26 pounds, the speed in both these eMS 
being 45 miles per hour. 

The methods by which such economy is produced are well wortt 
study, and it would be an interesting experiment if some Amerimi 
railway oompany would purchase an English engine of a type Bidtd 
to its service, and ascertain by actual experiment if similar mnlli >] 
are attainable in this country. 

Yours, very respectfolly, 

HOWABD FBY. 

Your Committee are under obligations to Messrs. Jacob JohiBi, 
Jas. iSodgley, S. J. Hayes, Howard Fry, Jas. H. Boone, Wm. Folhii 
O. A. Coolidge and others for valuable statistics and informatioi 
furnished us, and which we present as a part of our report. 

Respectfully submitted, 

R WELLS, /., M^ALKR. 

S. J. HA Yh:S, LCKB. 

C. R PEDDLE, T.H.A LILR 

J. JOllANN, Wabash R.IL 

JAS. ECKFORD, G, It <fc />. JR. A , 

Mr. Wklijs, Jefl«r9onville, Madison & Indianapolis Railroad— Mr. Vat 
ident^ I will ^tatethat I have diagraiua showing the temperatme ia the snob 
hoxe^i while ihe engine was running 38 miles, which were carefnllj labi 
with a pyrx^meter, and the members can examine them at their leiaoxe. 

On nuHion, the report was received. 

Mr. Sktchku Liule Miami Railroad — Mr. Presideet, aa we have had ft 
cctntinuous seiA»ion now for four hour? without any receasy no doabl the gf ■ 
ben are weary, and do not desire to enter into a diccimiott of «o inpottiatft 
qu«Miv>n ai this liine, I therefore more we now a^joam to 
morning At 9 oVlock. 

Motion carried. 
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THIRD DAY'S PROCEEDINGS. 

President Chapman in the chair. 
Convention called to order at 9 o'clock. 

The Pbesident — ^The next business in order is the continuation of the 
discussion of the report on the best material for wheels and axles, which was 
read yesterday, and the discussion of which was interrupted by the special 
order for 10 o'clock. • 

Mr. Hayes, Illinois Central Railroad — Mr. President, in regard to the 
cost and wear of tender wheels, I gave a tabulated statement in my report to 
the Committee of the cost per thousand miles, and I supposed the report of 
Committee would be made in that form. I desired to obtain some informa- 
tion in regard to that matter, and I believe I said in that report we were using 
steel-tired wheels, but I should have said cast-chilled wheels. This being 
the time for economy on all railroads, we would all like to know just what 
it costs per thousand miles to run different make of wheels. In my report to 
the Committee, I stated that it cost us 7 cents, and, I believe, paper wheels 
cost 9 cents per 1,000 miles. I would like to hear from the gentlemen pres- 
ent as to their experience. 

Mr. JoHANN, Wabash Railroad — Mr. President, I received circular from the 
Committee, but I think it asked how many wheels and of how many differ- 
ent kinds in use, and what mileage they made before being taken out. I 
simply stated that fact, and did not give the cost per thousand miles. I 
would like to ask Mr. Hayes how he counts the cost per mile, whether he 
simply counts the cost of the wheels, or includes the labor of fitting them 
up, etc.? 

Mr. Hayes, Illinois Central Railroad — Mr. President, in answer to Mr. 
Johann I would state that we keep an accurate account of all wheels used. 
^We have the cost of the wheel in the first place and the cost of putting them 
on the axle, and then we keep an accurate account of all old wheels, which 
are credited to this account, and thus we are able to obtain the cost per 1,000 
miles very accurately. 

Mr. Johann, Wabash Railroad — Do I understand you give credit for the 
scrap wheels? 

Mr. Hayes, Illinois Central Railroad — Yes, air ; we give credit for the 
scrap wheels at market price, and I find they cost a little more than 7 cents 
to the thousand miles. I saw a long statement from a gentleman represent- 
ing the paper wheel with steel tire, and he gave figures at 9 cents per 
thousand miles, which he thought was very low, and it surprised him very 
much when I showed him it only cost as 7 cents. It is my object in discuss- 
ing this matter to get the experience of other members so we can see what 
it does cost. 
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Mr. JoHANN, Wabash Bailroad — Mr. PreBideni, my idea wonld be to hafe 
the dififerent roads keep accounts in the same way, and I would call the atten- 
tion of the members present to the importance of this question. It is one 
which I think would be desirfible to investigate and draw oat the facts in 
regard to it. As it is now, it seems rather indefinite. We should adopt t 
standard rule for keeping wheel records. It is a matter about which yoa can 
not get any definite information in one year; but we can commence not 
and keep a record, and perhaps by next year we may have something definite 
to report. 

Mr. Sfbague, Porter, Bell & Co. — Mr. President, there is one questioo 
which I suppose would be difficult to get at, and at the futme time it oaghtto 
be considered in this connection, and that is the interest on the increteed 
cost of the steel-tired wheels over and above the cost of chilled wheels. 

Mr. Hayes, Illinois Central Bailroad — Mr. President, I have heea in- 
formed by several different wheel makers recently tKat it is becoming 
customary for representatives of roads to buy their wheels by the thou- 
sand miles. For instance, some of them contracted for 10 cente per 1,000 
miles, some for 12, others for 14, and some as high as 22 cents, which aston- 
ished me, as ours only counts up to 7 cents. I would state that we make oar 
own wheels. Of course, we do not charge any interest on the cost of the 
foundry or for tools. We charge all material and labor pertaining to the 
foundry to the kind of equipment for which the wheels are made. We cu, 
of course, make them pretty cheap, but I bad no idea there was so great a 
difference as there seems to be, and I want to get posted in the matter. 

Mr. Sfbague, Porter, Bell & Co. — Mr. President, I would like to ask Mr. 
Hayes, what their wheels cost them per ton or per single wheel, which he 
figures in that way ? 

Mr. Hayes, Illinois Central Bailroad — They cost between eight and nine 
dollars per wheel, or say If cents per pound, allowing credit for the old 
wheels at their market value, which is about eighteen or nineteen dollnn 
per ton. 

Mr. Sfbague, Porter, Bell & Co. — Another question I would like to ask 
is if in purchasing wheels by the thousand miles, is the price of the old 
wheels deducted at market value of scrap, or is that the fall prioe of the 
wheels ? 

Mr. Hayes, Illinois Central Bailroad — It includes the whole cost. 

Mr. Sfbague, Porter, Bell & Co. — Well, then I should think jon should 
give the railroad companies credit for the cost of fitting up the wheels with 
axles and putting them under the car and tenders, etc 

Mr. Hayes, Illinois Central Bailroad — I understand the contract between 
the railroad companies and the wheel makers is that the railroad compaDies 
keep back a certain percentage, and then pay them every month or qnarterly 
for the wheels, and out of that percentage they take the cost of taking oat 
and putting in the wheels. 
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Mr. Devinb, Wilmington & "Weldon Railroad— Mr. President, if I under- 
stand the matter, the contract is so much per thousand miles ; but the wheel 
makers claim the old wheels, and you have to return them or give them 
credit for the old material. 

Mr. Sfbaoue, Porter, Bell & Co. — ^I move the discussion on this subject 
be closed. 

Motion carried. 

The President — The ne^t business in order will be the discussion upon 
boilers. 

Mr. Wells, Jefifersonyille, Madison & Indianapolis Railroad — Mr. Presir 
dent, I did not intend to make any speeches on this subject, the Committee 
having presented their views pretty fully in the report ; but for the pur-, 
pose of bringing up some discussion, I will just mention a few points that 
have been introduced by the Committee. In reference to the best material 
for the shell of locomotive boilers we find some difference of opinion. In 
some localities parties using a large number of boilers find by experience 
that iron gives better satisfaction for the shell of the boiler than steel, owing 
to the tendency of the latter to pitting and corroding in the bottom, and 
in some places iron is preferred for the crown sheets and fire boxes, owing to 
the fact that steel gives more trouble by cracking round the rivets and in the 
crown sheets. I suppose scale falls upon the sheet and becomes overheated} 
and the result is in time it will crack in the rivet hole and in that way give 
trouble, while others say iron under the same circumstances does not crack 
80 readily, and therefore less trouble is experienced. These are the points 
that I wish to present to the Convention for discussion on the subject of ma- 
terial. If no one desires to discuss that portion of the subject, I will pass to 
the next. 

Mr. Spraoue, Porter, Bell & Co. — Mr. President, I would like to ask if 
there is any one here who is using Bessemer steel for boilers. I am build- 
ing one boiler to be made entirely of Bessemer steel for a company interested 
in the Bessemer steel busings, which I suppose is more of an experiment 
than any thing else. But I wish to inquire if any body here has used that 
material for fire boxes. 

Mr. S£DGLEY„Lake Shore & Michigan Southern Railroad — Mr. President, 
in answer to Mr. Sprague's question I will state that we have used the Bes- 
semer steel for fire boxes, but not with any degree of satisfaction. The pre- 
vailing fault of the Bessemer steel is that it will blister on the inside of the 
fire box. 

Mr. Hayes, Illinois Central Railroad — Mr. President, I have been on this 
Committee upon boilers ahd boiler material ever since the organization of 
the Association, and I have made quite a number of reports as chairman, 
and have been associated with the committees, I think, for the last three 
reports, and in every case until the present time I have recommended steel 
for nearly all, if not for all, parts of the boiler. I think in my first report, 
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however, I said that I was troubled with incrustation, upon the crown sheet, 
and on that account would prefer good iron ; but after introducing a way of 
washing the crown sheets, I was able to keep them comparativelj clean. I 
then commenced the use of steel, and since that time it has given better sat- 
isfaction for the crown sheets than Low Moor iron. In the cylinder part of 
our steel boilers I find thej pit and furrow rather more than good iron, but 
not more than some iron. This is one of the subjects I would like to hear 
fullj discussed — whether it is best to use steel or iron for that part of the 
boiler. I am perfectly convinced, however, that steel is better for all the 
other parts. We have been troubled with pitting and furrowing more on some 
sections of the road than others, and this trouble seems almost entirely con- 
fined to the sections of the road where the water is strongly impregnated 
with lime, and upon this point I would like to hear the opinion of the 
members. I have attributed the trouble to both mechanical and chemical 
action. We have some trouble in the longitudinal part of the boiler, it be- 
ing cold; when the fire is started it gets heated and expands, and cools 
quicker than at the part near the furnace. I have very seriously thought of 
abandoning steel for that part of the boiler, unless some of my friends here 
can give me a remedy for the trouble. I would therefore like to get an ex- 
pression upon this point. 

The Pbesidekt — If there is no further discussion upon this section of the 
report we will proceed to the next. 

Mr. Wells, Jeffersonville, Madison & Indianapolis Ballroad — Mr. Presi- 
dent, the next question is the best manner of constructing a boiler. The 
only point brought to the notice of the Committee is, which would be the 
best form that would be practical to adopt in the construction of a locomo- 
tive boiler. For strengthening the seams, the welt joint is pretty generally 
in use, which was illustrated on the black board yesterday ; annealing the 
flanged sheets so as to remove them from any strain that might result from 
flanging; and another matter was that of corrugation in the sheets of the fire 
boxes, and whether corrugation is a preventative ^om rupture. Several years 
ago, after steel came into general use for fire boxes, a great deal of trouble was 
experienced on many roads by sheets cracking. It was found on roads where 
this difficulty occurred that they used water that formed very hard scale, and 
from that cause sheets were overheated, and consequently were brought into 
a condition that when they were cold and under a tensile strain they rup- 
tured from that cause. Then it was suggested and put in practice by a great 
many that corrugation would remove that strain, and a very large number of 
corrugated fire boxes are now in use. So far as the Committee have had 
reports from those using these fire boxes very good results have been ob- 
tained. But your Committee would like to hear a general expression from 
the members present who are using corrugated sheets, as to whether this 
method is a preventative of rupture and leakage of the stay bolts, as that 
IB one of the most important things connected with the construction of 
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locomotive boilers. If fire boxes can be so constructed that there is no dan- 
ger from rupture or leakage, we will have reached a point that is worth 
•ometfaing; and so far as my experience goes, I will say that I have used cor- 
ragated eheeto for a little more than three years, and have never had any 
tnmble from this cracking, nor never had any leakage from the stay bolts, 
whereas, when we used the plain sheets, we had a great deal of trouble. An- 
other matter brought to the attention of the Committee, is the washing out 
of scale, sediment, etc. Mr. Hayes has given a method of washing out 
boilers, which is shown on the drawing here, to which the members can have 
iceeflB at'any time. Mr. Johann has a method also, which is worth conKidera- 
tioii. I would be glad to hear discussion upon this point. 

Mr. Sedglet, Lake Shore & Michigan Southern Railroad — Mr. President, 
for several years we were having a great deal of trouble with rupture in side 
sheets, and it became a very serious matter with me whether we could continue 
to use steel for fire boxes. I commenced corrugating the side sheets of our 
fiimaoes. At first I put a half dozen corrugations one inch deep, and after 
having run them a year or two, it occurred to me that that was a little more 
wave iQ the oonstmction of the boxes than was requisite, and I changed the 
waving part, putting in three waves about ) of an inch, extending up from 
the mud ring, and this prevented our side sheets from rupture. As regards 
our stay bolts, we have no trouble with them when properly put in. I appre- 
heod that a large amount of that trouble arises from the improper mariner in 
which they are put in. lo 1868 I drilled all the holes in my boilers. Now 
yoa all know there is a great deal of work attending it, and I have since 
chtaged to punching them and annealing the sheets afterward, which gives 
good results. My own preference is for punching and annealing rather than 
drilling without annealing. After ten years* experience I find no reanon for 
abandoning steel boilers, and I am somewhat surprised at the statement of 
my friend Mr. Hayes in regard to his boilers corroding and pitting, as mj 
experience has been just the opposite. 

Mr. YoriTG, Cleveland, Columbus, Cincinnati A Indianapolis Kailroa/1— Mr. 
President, we hare recently put in some fire boxes of low grade steel, with which 
we have had do trcable with side sheets cra/^king. 1 think we are uning too 
high a grade of steel, as none of our boxes have ruptured since we er/cnmenced 
arin^ the low grade, and I think the greater part of this trouble is in the 
quality of the steel rather than the corrosion of tl^e sheets. It would n^A> Vf 
fiur to condemn the manu'aecarers of low grade hi0:^\ unless it is due tb«B« 

Mr. Skdglet, Lake .Shore k. Michigan .Southern KaiSroad — VLr^yi^UUaHf 
in answer to Mr. Yoang I will «x^te tfaa: we are -litibg er^ually as high grad* 
as ever, and I am somevhat of the opiriion thai ve get teUer rcMlUi with a 
laige amoQDt of carbon than wi:h a \f/w %r4t\H of Meel Uft ffar /bmacc^^ I 
do not know of a ca^e where waring the »h4et4 has ttfA yt*e^^gnMA raptartr 

Mr. MiLXe. of Phllade.pftia— Mr. Prwlder.t J thick my inuA Mr, On* 
ham ean give wia« i&£!>rmatiOD in r^vd U/ fjf*rr*js^LUaA sh6>«Uu 
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Mr. Gbaham, Lackawanna & Bloomaburg Bailroad — ^Mr. President, I* 
have been using corrugated fire boxes for the last eight or nine years. I have 
had no trouble from ruptures in them, and I have used iron as well as steel, 
and there is no difference that I can see except that there is little more lia- 
bility in the iron to blister. We washed out a boiler last week from which 
we took about three bushels of scale. The same engine had been washed 
out about four weeks before, but the water on our road is very bad. I have 
a sample of the scale with me, which will speak for itself. 

Mr. Hayes, Illinois Central Bailroad — Mr. President, I apprehend that we 
all have a different experience in the use of steel of the same grade, on ac- 
count of the difference in coal and water in our several localities, especially 
in this cracking about the stay bolts. For instance, take the section on our 
road from Amboy to Clinton, where we are using coal from the region of the 
Illinois Biver, we had a few fire boxes crack, while on other sections of the 
road, where we use coal something like charcoal in engines running the same 
length of time and in the same service, there will be no trouble with the fire 
boxes. I have some engines that have been running for nine years with plain 
fire boxes made of crucible steel, and there is yet no sign of crack in them. 
I do not know how long they will keep that way — they may crack to-mor- 
row ; but if I take one of these engines and put her on the Amboy Section, 
where the coal is strongly impregnated with sulphur, I presume it would not 
run one-quarter the time. Consequently we cab not determine exactly as to 
the kind of steel that is best adapted to every locality. We have one or two 
engines with corrugated sheets which are doing very well. I presume the 
coal Mr. Graham is using is free from sulphur. 

Mr. Graham, Lackawanna & Bl oomsburg Bailroad — No, not entirely. 

Mr. Hayes, Illinois Central Bailroad — ^I judge there is not much. 

Mr. G&AHAM, Lackawanna & Bloomsburg Bailroad — No, not very much. 

Mr. Hayes, Illinois Central Bailroad — ^I think if you were using coal 
strongly impregnated with sulphur, you would find a different experience. 
Considering what you have stated with the different character of coal, etc., 
I believe the low grade of steel is giving the best general satisfaction. 

Mr. Woodcock, Central Bailroad of New Jersey — Mr. President, I would 
like to add my testimony in favor of corrugation. It is now nearly four 
years since we commenced that practice. Previous to that we had used plain 
boxes of crucible steel, and were troubled very much with cracked sheets ; 
but since that time we have not had one. 

Mr. Spbaoue, Porter, Bell & Co. — Mr. President, I would like to ask what 
the objection is to low grade steel. It has always been my opinion that what 
we want for fire boxes is a perfectly homogeneous low grade metal. I think 
some of this trouble is caused by the punishment sheets go through in 
flanging. As a rule, whatever will stand flanging the best will probably 
stand in service the best. 

Mr. Wells, Jeffersonville, Madison & Indianapolis Bailroad — ^Mr. Presi- 
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denty abont two years ago I made some experiments apon the expansion of 
AeeltB. I took a piece of steel similar to the side sheet in the fire box, and 
which was illustrated and explained at our Convention two years ago at St. 
Louis. If all had taken a good look at that and noticed the difference in 
the expansion of the side sheets, you could not help but understand the forces 
which are at work in the sheets of a fire box. You notice in firing up the 
plates six inches above the grate will expand as much as jV ^^ ^" ^^^^ more 
in length than that part higher up. To prevent this you must endeavor to 
get the water in the box of an even temperature. About six months ago, in 
eoDTersation with a gentleman connected with one of the largest railroads 
In the West, he told me that he had a very large number of fire boxes on his 
road made of a very low grade of steel by manufacturers of as good reputa- 
tion as any in this country, and to my surprise he said he had some ruptures 
hi corrugated sheets of this steel. The kind of sheets used before were 
straight, not giving any wave or corrugation. I suggested that bad water 
might be the cause, but he said the water was very good. A few months ago 
I received a communication from Dr. Williams, of Baldwin Locomotive 
Works, inquiring as to what my experience had been in the use of corru- 
gated fire boxes, and saying that if it would prevent rupture and so mcch 
kakage about the stay bolts it would be of great advantage, as it would en- 
able them to compete with builders using copper, and I said to him tliat I 
thought corrugation would do it. I would like to ask whether any one has 
any thing to say in regard to the method of removing scale^ under pressure 
from the boiler. It is one of the points that comes under this head. There 
IB a diagram here of an arrangement which is used by Mr. Johann, and perhaps 
some of the members would like to look at it. I also have one by Mr. Hayes. 

Mr. Johann, Wabash Bailroad — Mr. President, perhaps Mr. Hayes would 
like to explain his first. 

Mr. Wells, Jefferson ville, Madison & Indianapolis Bailroad — Mr. Presi- 
dent, I think the better way would be to pass the drawing around and let 
the members look at it, and the drawing will explain itself. 

Mr.HAYES, Illinois Central Railroad — Mr. President, the drawing represents 
a pipe extending all around the engine house, two inches and a half in dia- 
meter, and over each engine there is a connection that we make from the 
pump to this pipe with a hose, through which we can blow out the steam 
into the tank which stands back of the engine house, and when we want 
to use it for washing out we open the cock and turn on the pump which we 
use in case of fire. The pump keeps up a pressure of from 70 to 100 pounds 
to the square inch, and from this pipe overhead we attach a hose and wash 
our boilers out. We keep up a pressure of about 100 pounds. We force 
the water in, and any scale that forms there during the round trip we wash 
off. We have been using this now for two years, and have not found any 
scale on our crown sheets since, and before it was introduced we found about 
^ of an inch scale in running the round trip, which was one of the great 
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causes of the crown sheets cracking. Since this has been introduced we 
find our repairs upon boilers has been reduced some 25 per cent. I find it 
most convenient to run this pipe into the round house, where it also answers 
for fire purposes. Mr. Johann has made a decided improvement upon the 
plan, which he will explain. 

Mr. Johann, Wabash Bailroad — Mr. President, so far as the material for 
boilers is concerned I have a word to say. I have listened from year to 
year to the explanations of members here, and I have found the general ex- 
pression of opinion tends towards fastening the causes of failure of different 
materials upon the manufacturers. I long ago gave up that charge, and 
turned my attention towards taking as good care of my boilers as possible, 
to see what efiect that would have. For a considerable time we have been 
using steel for fire boxes, and if we did not think it was the best material 
we certainly would not use it. In addition to using steel for fire boxes I 
have also, for a number of years, been using it for the shell of boilers, and 
am now using it for stay bolts, thereby making the enj^e boiler of steel, 
and so far I am entirely satisfied with it as a material Tor that purpose. I 
have not had a particle of trouble with my side sheets since I have been 
using it, and from my experience I have arrived at the conclusion that steel 
is the best material for locomotive boilers and fire boxes ; and if some of 
the members will come up and see me, I am positive that I can convince 
them of that fact. In my opinion, if proper attention is given, to boilers 
there will not be so much trouble. One difficulty is that some men will 
carry too much fire. I have found that, with the quality of coal we use 
on our road, five or six inches of fire is sufficient, and gives the best and 
most economical results, and any man who is found carrying more than that 
is severely reprimanded. As for the best method of keeping boilers clean, 
I for a long while used the mud drum, but it did not seem to perform its 
functions properly, and in looking around for something better I learned of 
Mr. Hayes' method. I made what I consider an improvement on his plan, 
and I can add my testimony to his, that it is the best thing I ever used for 
cleaning out boilers. I will state there is no patent on it, and if any mem- 
ber desires to use it he is at perfect liberty to do so, and, so far as I am con- 
cerned, I will be pleased to furnish him with tracings. In using it all 
you have to do is to attach the force-pump hose and force the water through, 
when you will be astonished to see how thoroughly it breaks up and drives 
out the sediment. Another great advantage in using this device lies in the 
fact that it enables us to cool the boilers slowly. This is done by opening 
the blow-off cock and allowing the pressure to fall to fifty or sixty pounds, 
when the cold water is forced into the boiler, gradually at first, and then 
increasing the pressure until it reaches from 70 to 100 pounds. Before .using 
this device I have frequently taken out from 1,500 to 2,000 pounds of sedi- 
ment; now, upon inspecting any boiler fitted with this device, the rivet 
heads are seen as plain as when the boiler was first made. 
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Mr. SncoNDS, Cairo & St. Lonis Bailroad — ^Mr. President, two years ago 
at St Louis, in our discussion upon boilers and fire boxes, I was reported as 
being in favor of copper fire boxes. I would like' to place myself upon 
record that I am entirely opposed to copper for fire boxes, and I have not 
liad any in service since 1855. All the fire boxes that I have put in lately 
have been of steel, and it has been my opinion for some time that steel is 
the best material for the entire boiler ; but I think the low grade steel is 
preferable for fire boxes. In putting in fire boxes I drill all the holes 
for th6 rivets and stay bolts, and afterwards anneal the sheets thoroughly. 
We do not use corrugated boxes, and have no trouble wfth side sheets crack- 
ing. In regard to cleaning boilers, when it is possible, I am in the habit of 
admitting the cold water at the same time the hot water is running out, and 
thus letting the boiler cool gradually, until it is in a condition to be washed 
oat, which process prevents unequal expansion and contraction of the sheets 
and the hardening of the scale by heat, as will be the case when blown out 
suddenly. ' 

Mr. Jackman, Chicago, Alton & St. Louis Railroad — Mr. President, I do 
not know but what I would like to say a word in regard to this matter. I 
have been to conventions when, perhaps, I have talked too much ; but before 
I came here I made up my mind I would not. The subject of boilers is 
one of the most important we have to consider, as, perhaps, more depends 
upon that than any other part of the locomotive. We build boilers with 
the object of getting the most use out of them possible ; and as to the ma- 
terial of which these boilers should be made, I am very much in favor of 
steel, and for the last three or four years I have not built any other kind. 
In regard to corrugation, I am in favor of corrugating all the sheets of the 
fire box except the crown sheet. There is one thing that I have discovered, 
and that is that nearly all the corrosion takes place where the coal contains 
a great deal of sulphur. I find no difiiculty with corrugated sheets; but I 
think the chief benefit is derived from thorough washing out of the boilers. 
If you can put on a pressure of fifty to one hundred pounds, you can knock 
out all the scale by force. Last year we had some Mogul engines built by 
the Schenectady Locomotive Works, of which the fire boxes were 66 inches 
long by 35 inches wide and 62 inches high, or something like that, and had 
170 two-inch tubes. They came on the road over a year ago, and have been 
running up to the present time on the main line between Chicago and St. 
Louis and between Bloomington and Chicago. Some of the tubes in these 
engines have given out. If we can get tubes to run eighteen months we 
think .we are doing well, and we have sometimes taken them out much 
sooner. I think, however, the cause is mainly from bad water and the sul- 
phur in the coah 

Mr. Obtton, Canada Southern Bailroad — Mr. President, I think if the 
boilers are thoroughly washed and kept clean we can prevent a great deal 
of the cracking. I think it is more in imagination than fact that corruga- 
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tioD is a preventative of fracture. The difference in the quality of the coal 
having more to do with it in my opinion than any thing else. I agree with 
Mr. Johann that steel is the best material for fire boxes. There is another 
thing I would like to say, and that is if you keep your inside sheets clean 
the water will prevent a great deal of this expansion and contraction. 

Mr. HayeSi Illinois Central Bailroad — ^Mr. President, in regard to Mr. 
Ortton's experience, I think if he would spend a few years in Illinois he 
would, perhaps, change his mind. I believe there is no road in the country 
that is more careful and give more attention to washing their boilers than 
the Illinois Central: It is done every round trip. The engine will leave 
Chicago and run to Urbana and return, and it is then washed out carefully. 
If you look into an analysis of this scale that is formed in the boilers yon 
will find particles of lime or ordinary mortar. I have come to the conclu- 
sion that to avoid this lime, etc., we must heat the water before it passes 
into the boiler. If Mr. Ortton got his water from Illinois he would find 
some trouble with his boilers ; but, probably, the water in Canada is cleaner 
than feed water is generally. We have more trouble on some sections of 
the road than others. We have more difiiculty on the Amboy Section than 
others, because there appears to be more lime in the water and sulphur in the 
coal. The only way to keep this lime out of the boilers is to take it out be* 
fore the water goes in. 

Mr. J. H. Batmond, of Chicago — ^Mr. President, I would like to ask 
Mr. Hayes if he has made any experiments with surface water? 

Mr. Hayes, Illinois Central Bailroad — ^Yes, sir, I have ; but that is 
available only in certain sections where drainage from the surrounding 
country can be obtained. 

Mr. Jackman, Chicago, Alton & St. Louis Bailroad — Mr. President, when 
I was on a road in Massachusetts I had but very little trouble with bad 
water. We could run an engine twenty years without removing the tubes. 
In the State of Illinois you could not begin to do that, and when I came to 
the State of Ohio I had serious trouble with sediment and scale, which 
formed so solid that we had to run rods into the boiler to break it up to get 
it out. In some sections of the country you will find a great many dififerent 
kinds of water. We have some sections on our road where the water forms 
into scale one-fourth of an inch in two weeks. 

Mr. SiMONDS, Cairo & St. Louis Bailroad — Mr. President, I would like 
to say in regard to the corrugation of fire boxes that I have been in the 
habit for a number of years of keeping the fines three-fourths of an inch 
apart, so that all sediment would pass through to the bottom of the boiler to 
be washed out. We should have the boilers as cool as possible before we 
commence to wash out, and I think the best way to do is to aHow them to get 
cool before putting water in. 

Mr. Hayes, Illinois Central Bailroad — I do not exactly agree with Mr. 
Simonds in regard to blowing ofi* boilers while hot and then allowing them 



105 

to oool down before washing out. If you examine a piece of scale with a 
. mieroBcope you will be able to tell just how many times the boiler has been 
blown off, and I do not think it is a good plan to allow a boiler to cool down 
before washing it out. You can put the water in gradually, and keep it par* 
tiallj warm, and get off a great deal of scale which would otherwise form 
on the boiler. 

Mr. SiMOKDS, Cairo & St. Louis Bailroad — Mr. President, I do not think 
that Mr. Hayes and I disagree at all in regard to washing out boilers. I 
meant to be understood that in blowing the water out of the boiler and put- 
ting in the cold water gradually, so as to keep it partially heated and at the 
Mune time take off the scale. • 
' The PREsn>Bih7~If there is no further discussion, Mr. Wells will please 
read the next subject. 

Mr. Wells, Jeffersonville, Madison & Indianapolis Bailroad — Mr. Presi- 
dient, the next subject is the form of the boiler. Some parties report to your 
Gbmmittee that they are using the taper form of boiler, and some also report 
In favor of the brick arch. Your Committee proposed the question whether 
(be boiler is better with the dome than without, and whether the straight 
boiler is better as compared with the wagon-top. The Committee have also 
noted another form of boiler called the Verderberger Boiler, which has been 
experimented with in Hungary. 

The President — Is there any discussion on that portion of the report? 

Mr. Hayes, Illinois Central Bailroad — Mr. President, in regard to the 
form of the boiler I would like to say that I do not think it possible that we 
can all agree upon that. On some sections of our road I know there is no 
Moeseity for the dome, while on other sections it is an actual necessity. I 
therefore think it would be impossible for us to agree upon a form of boiler 
to snit all sections, as every part of it, I think, depends upon the notion of 
the parties building it and the section of country through which it is to run ; 
bat the material of which the boiler is to be made is something upon which 
we can all agree. 

Mr. Wells, Jeffersonville, Madison <& Indianapolis Bailroad — Mr. Presi- 
dent, if there is nothing further on this subject, I will pass to the next, which 
is the best proportion for boilers in order to obtain the best results from the 
ftiel consumed. The question being whether we should increase the grate 
surface or whether it would be advisable to increase the heating surface. In 
the diagrams here presented, which were taken of different freight and pas- 
senger engines, you will notice a change in the temperature of the smoke 
boxes. Now the question is whether that heat shall be thrown away by 
passing into the smoke box, or shall any portion of it be utilized by some 
change in the form of our boilers. Now you will find one locomotive, for 
instance, with four or five cars in a passenger train running 35 miles on an 
average temperature of 700° ; another with the same arrangement will run 
from 700° to 800° difference in the temperature, and steam used at say 140 
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ponnds is not more than 350°. Yet there is a temperature of the gases 
of 350° or 400° above that thrown awaj. Now can we utilize this heat by 
increasing the length of the tabes or putting more of them in the boiler? I 
would like to hear an expression of the members upon this subject. 

Mr. SiMOKDB, Cairo & St Louis Bailroad— Mr. President, I have come to 
the conclusion that the greatest economy in fuel will be obtained by having 
a larger number of flues, so as to use more heating surface, although I have 
known of cases where engines have given better results with 160 tubes than 
with 175. . 

Mr. Hayes, Illinois Central Bailroad — Mr. President, I have been satis- 
fied in my own mind for years that there is a great deal of heat wasted pass- 
ing up from the smoke box that might be utilized if we built our boilers a 
little larger. I experimented with a stationary engine and compared the 
results with engines on the road, and I found between 72 and 85 per cent, 
difference in heating capacity with the same coal, and therefore I am satis- 
fied if we could build our boilers large enough to avoid this heat from going 
to waste, we would economize in the use of fuel. If we build them large 
enough we certainly can utilize 300° of heat, which would amount to a 
great saving in fuel. 

Mr. Hewitt, Toledo, Peoria & Warsaw Bailroad — Mr. President, I have 
had some experience in the use of coal from different mines and different 
places, in our engines with small fire boxes, small grate area, small number 
of flues, and small boilers ; but the time arrived when we had to have more 
power in one engine. Our engines at that time were very small ; but some- 
thing had to be done, and they looked to me do it.* Our fire boxes ranged 
from 50 to 54 inches in length, 33 inches wide, 56 to 58 inches high ; the di- 
ameter of cylinder part 45 to 47 inches. I immediately made up my mind 
that I would have to have more heating surface. So I put in fire boxes 64 
inches long, 60 inches high, reduced the rings in the fire box, got in 35 inches 
in width with the same number of flues. I enlarged the cylinder one inch, 
and with these engines I experienced no difSculty in obtaining steam either 
in passenger or freight service. We had eight of these engines, and I built 
them all over, and to-day we are making a mileage of from 54 to 56 miles to 
the ton of coal. I think in order to get better consumption of fuel we should 
increase our grate area. 

Mr. Wells, Jeffersonville, Madison & Indianapolis Bailroad-^Mr. Presi- 
dent, I would like to ask the gentleman the size of the cylinder and length 
of the flues. I believe I have recommended the cylinder part of the boiler 
to be from 45 to 47 inches. 

Mr. Hayes, Illinois Central Bailroad — Mr. President, if our friend 
Hewitt had increased the cylinder part of the boiler in proportion to the 
increase of the furnace he would get still better results. 

Mr. Miles, of Philadelphia— Mr. President, I would just say that I wit- 
nessed an experiment on the I^ew York & New Haven Bailroadj where the 
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engliiewent out on a trip, and one-third of the fuel consumed escaped 
through the smoke box. What caused this I can not say, as I am not an 
expert in such matters. 

Mr. Jackmak, Chicago, Alton & St. Louis Bailroad — Mr. President, I 
think in order to get the greatest amount of heating surface we must increase 
the mste of our exhaust. We can use a larger exhaust if we arrange to utilize 
thecinders in the smoke box, and you will then get the greatest benefit from 
jawr hei|ting surface. « 

Mr. Wells, Jefferson ville, Madison & Indianapolis Bailroad — ^Mr. Presi- 
dent, I will just state for the information of the memb^s that this tabu- 
lar statement shows that engines haying the largest proportion of heating 
nirface give the greatest economy in fuel. These matters will be printed in 
tabulated form, and all can compare them very readily. 

On motion, the discussion was closed. 

'■ The PsESiDEirr — Gentlemen, Mr. Kaymond, our newly elected Associate 
Hfmber, would like to say a few words to the Association. 

MR. RAYMOND'S ADDRESS. 

Mb. President — I came from Chicago to attend this ConventicHi 
with the purpose of consulting individually with the members eon- 
oeming a matter of paramount interest to all. At the suggestion of 
those with whom I have consulted, and by your indulgence, I will 
make a few suggestions oonoerning this matter in open Convention. 

The early introduction of the improvements made in railroad ap- 
pliances and devices is of the first importance to railroad companies. 
Kailroad companies heretofore have in some instances been too slow 
in the introduction of really meritorious improvements, and in other 
instances have been too fast in the introduction of improvements 
that had in themselves no merit,' and only served to involve the 
companies in expensive and tedious patent litigation. As an illus- 
tration of the first point, I have recently been making a few settle- 
ments under a patent for a real improvement which was ready for 
introduction thirteen years ago, but which to this day has. been 
introduced only on a very small percentage of the roads oompo0ing 
the Western Railroad Association ; and now, when this device is 
just being called to general attention, another improvement re- 
cently patented has just been investigated and found in merit largely 
to supplant the former device. In many respects we are just that 
&r behind the progress of the age in improvements, that by the 
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time an improvement has become generally introduced another im- 
provement npon this improvement is patented and ready for intro- 
duction, and would be introduced but for the slow methods which 
have heretofore obtained in this regard. The interest of the rail- 
road companies in reducing the cost of transportation, so that they 
may meet the necessary reductions in the charges therefor, requires 
gteat diligence in the matter of ascertaining and adopting such 
improvements in appliances and devices as will in any degree con- 
tribute towards the desired result. The Association of Managers, 
of which I have the honor to be an executive officer, has made a 
start in this direction, and intends to perfect some plan, sooner or 
later, by which we can sifb the wheat from the chaff, ascertain reli- 
ably which of the devices made will contribute towards economy 
and efficiency in the operative department, and ascertain some means 
of acquiring the right to use such inventions at an early date in 
their history. 

The experiments with these matters which have heretofore been 
made, whether satisfactory or not as to the roads upon which they 
have been made, have been practically useless so far as general in- 
formation is concerned among the fraternity. The technical associ- 
ations, composed of heads of departments of railroads, so far as 
giving this information in such a shape as to produce practical 
and general results and the adoption of standards, h^tve also been 
practically failures. I need not now discuss the causes of these 
fkilures. It is sufficient to say that the determinative reason why 
this Association has not in its results been more satisfactory to its 
members, is because it has not employed methods which the managers 
could approve, nor had in this work the full co-operation of the 
managers. 

The point to which I desire to call especially your attention, and 
solicit your earnest thought between now and and your next annual 
meeting, is how to perfect your methods in this work ; how to secure 
the full co-operation of the managers in such methods as you may 
adopt, and what should be the relation between the Master Me- 
chanics' Association and the Western Railroad Association. 

The plan adopted by the Western Railroad Association so far is 
as follows : Any owner of an improvement who has sufficient confi- 
dence in it to pay a fee of $100, and the expenses of a practical test 
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with it| may make applioatioii, and the Association will appoint a 
board of competent experts to make a thorough examination and a 
practical test of the improvement, and the results obtained by tho 
Board will be reported by the Association to its eighty mombem. 

It 18 not our fault that there are now alive 173,000 patents, the 
majority of which are not practically worth the paper upon which 
diey are printed. This fact constitutes the main reason why the in- 
troduction of improvements has been and now is so slow. It is our 
business, so far as our interests demand it, to accept and overcome 
these facts. The object of this part of the work of the Western 
Bailroad Association is identical with the main object of this Asso- 
ciation, and it is desirable that the two Associations should work in 
perfect harmony and neither duplicate the work of the other. 

1 desire only to add a word of caution 'concerning tho adoption 
of such minor improvements as each of yon may make in your 
own shops. We are now defending many millions of dollars of 
patent claims, all of which rests upon the use of dericet which we 
liave paid at least one patent royalty upon. 

I will not detain you to demonstrate bow one patent may be per* 
ftctly valid and yet the device shown therein may infringe one or more 
prior patents. I will simply say that it is not safe for you to mak^f 
isy material changes in your devices and processes, and especially 
any additions thereto, without first receiving the advice oi compS' 
tent patent counsel as to the patent relations of sttch appliaoets in 
processes. 

I thank yoa Mr. President and gentlemen fin the attention yom 
liave shown ne. 

THISD DAY, AFTEB KECZHB. 
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The Secretary has some papers or communications with that report, which 
he will read. 
The Secretary then read the report. 

Beport of Committee on Performances of Locomotives. 

To the American BaUway MaMer Mechaniaf Assodation : 

Gkntlehen — Your Committee appointed to report on the subject 
of Performances of Locomotives would say that, on account of the 
very few replies received to their circular, they have not been 
able to make up a report, but think the subject is worthy of still 
further investigation. Your Committee desire to present to the As- 
sociation a report of a series of tests made and furnished by our 
fellow-member J. E. Martin, Master Mechanic of the Chilian & Tal- 
cahuano Bailroad of Chili, South America, on the Exhaust Nozzle, 
being a continuation of our report presented last year at Kichmond, 
Ya., on Locomotive Tests. The above is accompanied with diagram, 
indicator cards, etc., and are the actual results of experiments or 
tests carefully made. Your Committee would recommend that they be 
printed in the next Annual Beport. 

Eespectfully submitted, 

WM. WOODCOCK, M. M. a B, JR. of New Jeney, \ a>^_..«_ 
S. A. HODGMAN, M. M. P., W.&B,B.B. / ^^^^»»««- 

CoNCEPOiON, March, 1879. 
To the Committee on Locomotive Tests, Master Mechanics^ AasocuUion : 
EXPERIMENTS V7ITH NO. 4 ROQEB MOQUL FBBiaHT BNQINB, OTLIN- 
DBRS 16^ BT 24 INCHES — *^ EXHAUST NOZZLES." 

Gentlemen — In my last paper on the ^^ economical distribution 
of steam in the cylinder while working in the first notch," I men- 
tioned that exhaust nozzles 2f inches in diameter were large enough 
for the perfect escape of the steam at speeds up to and even exceed- 
ing 40 miles an hour. 

Although that is a fact, as proved by the indicator diagrams, and 
a careful measurement of the water consumed by the locomotive, it 
does not follow that an exhaust nozzle of a larger size would not 
prove economical. That is, by obtaining a milder draught more 
water would be evaporated per pound of coal, and this economy 
would be greater than the loss from a too rapid exhaustion of the 
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iteam. This Joss could again be decreased by a change in the pro* 
portions of the valve, principally lap. 

The above remarks refer onlif to tho use of steam in the first notch 
as stated in my paper. 

The subject of this paper is '< The Exhaust Nozzle/' the simplest 
and at the same time -the most important detail governing the eco- 
nomical production of power in the locomotive. The greater the 
power required, the more important is its effect 

There are two forms of exhaust nozzles in use — the double form, 
in which each cylinder has a separate exhaust pipe for the discharge 
of the waste steam, used on all or nearly all American locomotives, 
ind may be called the ^'American Exhaust Nozzle,'' and the single 
form, in which the exhaust pipes from each cylinder unite, and the 
exit of the steam is made from one common orifice, this form being 
in use on all English locomotives, or I might say all locomotives 
bat those made in the United States. 

Now why should there be two such distinct forms for a detail hav- 
ing precisely the same work to perform in each case ? Surely one 
must be right and the other wrong, or perhaps there are advantages 
in the one not found in the other. 

These experiments were undertaken with a view of deciding this 
question, and I have attempted to do so in three ways. 

1. By showing with the aid of the indicator the effect of the dif- 
ferent forms of exhaust pipes^on the quality of the exhaust, otherwise 
the economical distribution of the steam in the cylinder. 

2. By a series of experiments with the locomotive in regular work, 
showing the amount of water evaporated per pound of coal and the 
amount of coal used in doing the work, the standard being a loaded 
car moved one mile. 

3. By a comparison of the vacuums produced in the smoke box by 
exhaust nozzles of equal steaming capacity, as measured by a vacuum 
gauge filled with water and attached to the smoke box. 

SFFSOT ON THE DISTRIBUTION OF THE STEAM IN THE CYLINDER — 

"EXPERIMENTS WITH THE INDICATOR." 

The manner in which these cards have been taken has been so 
fully described in former papers that it is needless to repeat it here 
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They were all taken with the same indicator and spring, and no al- 
terations of any kind were made in the valves. The steam gauge 
was tested occasionally and always found correct. 

It will be noticed that I have not used the conventional terms for 
the different lines of the diagram, but have adopted another nomen- 
clature, which I find much superior when studying the distribution. 

When following the line through the period of admission, what is 
more natural than to call it the *' admission line,'* that of expansion, 
the ^^ expansion line." 

The release of the steam forms a line which may be called the 
*^ line of release," and while the port is open to the exhaust, a line 
is drawn, which naturally forms the *' exhaust line." During the 
period of compression a line called the *' compression line " is 
formed, and during the admission of steam to the cylinder 
another line is drawn indicating the pressure of steam, which may 
be called the '^ steam line." 

[Note— I had forgotten to mention having used this nomenclature in my 
last paper, and this neglect may have caused some confusion in understand- 
ing my meaning.] 

It will be seen from the dates that these experiments extended 
over a long period of time, from May 23, 1876, to December 25, 1878, 
during which time, principally the latter part, the engine ran some 
thousands of miles, and as a consequence the valve gear became 
worn and caused '* slack motion " and a^considerable decrease in the 
amount of lead. This decrease of lead is prejudicial to the economi- 
cal distribution of the steam, as the steam is not brought up to boiler 
pressure before the commencement of the stroke, and is not so well 
maintained during admission, nor is exhaustion so perfect. 

As diagrams taken at the commencement of the experiments do 
not show an excess of lead — in fact, there is not a sufficiency — ^it 
follows that those taken during the latter part of 1878 should show 
an inferior distribution, and to any improvement caused by an im- 
proved form of exhaust nozzle should be added this loss, which I 
would estimate to be about three per cent. 

The blast pipes or nozzles used during these experiments are 
shown in accompanying sketches. 
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Sketch No. 1 — Low double nozzle, height 12 inches above bottom 
of smoke box. 

Sketch No. 2 — High doable nozzle, height 26 inches above bottom 
of smoke box. 

Sketch No. 3 — Single nozzle, height 29 inches above bottom of 
smoke box. 

Sketch No. 4 — Compound nozzle, being a combination of the two 
forms, and is 36 inches above the bottom of smoke box. 

The three mouth pieoes of this form can be altered as in the double 
and single forms. 

I have grouped together for comparison diagrams taken in each 
notch. 

When the card was taken the throttle was full open in every case, 
and the boiler pressure and other data .noted as already described. 

A line on each card is drawn to represent the vacuum line, another 
parallel with it indicates the boiler pressure, and a line at right 
angles joining these two represents the amount of clearance space 
between the piston at the end of its stroke and the valve. 

The clearance space is in this locomotive .091 of cylinder contents 
or 465 cubic inches. 

Card No. 1. — Is taken in the second notch with the compound 
nozzle, the double nozzles being each 4^ inches in diameter, while 
the single nozzle is only 4 inches. 

As might be supposed the steam, after leaving the 4^ inch nozzle, 
is again compressed through having to pass out of an orifice smaller 
than 4^ inches, and this after expanding to fill the larger space above 
the double form of nozzle or blast pipe. This compression of the 
steam forces it over into the exhaust pipe of and into the other cylin- 
der, which causes a back or counter pressure of 5 pounds during the 
period of exhaust, rising to 8 pounds just before the valve closes for 
exhaustion. 

The line of release falls almost to the atmospheric line, which the 
exhaust line follows during a short period of the stroke, until the 
exhaust of the steam from the other cylinder takes place and forms 
the " hump " or curve in the line of exhaust. 

This '^ hump " or rise in back pressure is not so detrimental to 
economy as would at first be supposed. The steam that is thus 
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forced over from tlie opposite cylioder is retained and compressed, 
and its energy given out during the succeeding stroke. On account 
of the insufficiency of lead and the large clearance space of this 
engine, this compression is not excessive ; in fact the steam fails to 
reach boiler pressure by 15 pounds on the back end, and the steam 
Btili rises after the piston has begun to move. 

There is a loss of power, however, from this " blowing over " of 
the steam — a loss that would be greater were the clearance space 
smaller. 

The admission line in this card is not well maintained, the steam 
being very much wire-drawn, caused to a great extent by an insuffi- 
eiency of lead, which ought to be in this notch at least one-quarter 
of an inch. 

The expansion line falls away from the theoretical curve caused 
by condensation, and this water re-evaporating just before release raises 
the line up to the theoretical curve. 

Card No. 2. — Also taken in the second notch, but with the single 
Donle having a diameter of 4f inches. As the steam in this case has 
greater facility to escape, from the larger nozzle, it is not forced 
over to such an extent as in No. 1, although the '^hump " rises to 
Dearly 5 pounds in the middle of the exhaust line. 

The consumption of steam per indicated H. P. is here 4 per cent, 
less than in No. 1, and this with a greater amount of power pro- 
dnced. Again it must be remembered that Card No. 2 was taken a 
long time previous to No. 1, when the valve gear was in better order. 

It will be seen that the distribution, from a larger amount of lead, 
in increase in boiler pressure, and speed is better, the steam line ris- 
ing proportionally much higher, the admission line better maintained, 
and the expansion line more nearly approaching that drawn by 
theory. To these more favorable conditions must be attributed the 
more economical production of power and^not to the greater size of 
the nozsle. The H. P. developed with similar boiler pressure and 
speed would, however, be much greater in No. 2 than in No. 1, and 
would in many cases prevent the lever from being dropped into the 
third notch and the engine run with a partly opened throttle, which, 
it is needless to state, would be very uneconomical. 
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DIAGRAMS TAKEN IN THE THIRD NOTOH. 

Card No. 3. — Taken with the single nozzle, 4 inches in diameter. 
Although this card is taken at a comparatively low speed, the steam 
that " hlows over " from one cylinder to the other makes quite a 
curve or ^^ hump " in the line of exhaust, rising more on the back 
than on the front end. 

Lead is not sufficient to raise the steam line up to that of boiler 
pressure, and, as in the previous notch, the piston has commenced 
its stroke before the entering steam has reached its maximum height. 
Eelease is very good, but would be improved by an increase of lead. 

Card No. 4. — Taken with the single nozzle, 4f inches in diame- 
ter. The boiler pressure is 2 pounds less than in the previous card, 
but the speed is much greater. This increase of speed has caused 
an increase in the amount of steam " blown over,'' and this again 
has caused an increase in compression, which filling the cleairance 
space, has raised the steam line up to or nearly up to that of boiler 
pressure. 

Although we have from this cause a larger proportion of back to 
gross pressure, the work has been done with a trifle less steam per 
H. P. per hour. A superior result is here due to a higher speed, 
which would seem to indicate that cards taken at high speeds show 
the power to be obtained more economically than at lower speeds. 
This depends entirely on the arrangement of the details governing 
the distribution of the steam in the cylinder. If we were to reduce 
the clearance space and increase greatly the lead, the reverse would 
be the case. Exhaustion would then be less perfect (from a decrease 
in the size of the steam ports), the amount ^^ blown over,'' if not 
greater, would, added to the imperfect exhaust, greatly increase com- 
pression, and not only would there be a loss of power by back pres- 
sure, but the consumption of steam per indicated H. P. would be 
greater. 

Card No. 5. — Taken with the single nozzle, 4f inches in diame- 
ter, is decidedly superior to the previous ones. The rise or curve in 
the exhaust line is not so great, owing to the large size of the nozzle. 
The steam line rises much nearer the boiler pressure, and the other 
lines of the diagram are much improved. This result is attributable 
to a higher boiler pressure. I find from a comparison of a number 
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of diagrams tbat wbere a liigh boiler pressure is used, the initial 
pressure in the cylinder is also higher in proportion. This effect 
of high pressure is noticed in my last communication. 

The consumption of water per indicated H. P. is 2 per cent, less 
in this than in Card No. 4, attributable to the use of a higher boiler 
pressure and to the smaller proportion of back pressure. 

Card No. 6. — Taken with the compound nozzle, the double noz- 
iles being each 4^ inches and the single nozzle 4 inches in diameter. 
This is by no means a good card, back pressure being from the 
'^blowing over'* very great. The steam line fails by a great deal 
to reach boiler pressure, and the steam during admission is con- 
siderably wire-drawn, attributable to insufficient lead and high speed. 

Card No. 7. — Compound nozzle, the three nozzles being each 4^ 
inches in diameter. By increasing the single nozzle from 4 to 4^ 
inches in diametet, we have effected a great improvement in the 
exhaust. 

The escaping steam meets with little obstruction, and there is 
scarcely any '< hump *' formed. The power obtained in this notch 
with a given boiler pressure and speed is greatly increased, and this 
with a decreased consumption of steam per H. P. 

The exhaust line in this card compares very favorably with that 
of No. 5, the latter being taken with a larger nozzle and at a much 
lower speed. The cost of producing the power is a trifle greater in 
No. 7 than in No. 5, owing to the inferior condition of the valve gear. 

Card No. 8. — Taken with the compound nozzle, the double noz- 
zles being each 4^ inches and the single nozzle 5 inches in diameter. 
Here the steam after leaving the double nozzles may be said to meet 
with no obstruction and should not be forced over into the other 
cylinder, and this is substantially the case as shown in the figures. 
The line of release does not fall to that of the atmosphere, and the 
exhaust line runs parallel with it, indicating a back pressure of 2^ 
pounds. 

This, whether it be steam left in the cylinder or steam from the 
opposite one, is certainly caused by steam filling both exhaust pipes, 
and preventing the falling of the exhaust line to that of the atmos- 
phere before the exhaust port is closed. 

Owing to the lower boiler pressure and speed, the power in this 
case is obtained at a greater cost than in No. 7. 
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DIAGRAMS TAKEN IN THE FOURTH NOTCH. 

Card No. 9. — Low double nozzle, eacli 3^ inclies in diameter. 
Shows a very good distribution of the steam. This card would, like 
those in the third notch, be improved bj an increase of lead. It is 
evident by a glance at this card that the exhaust pipes are not in 
communication. The line of exhaust shows a back pressure in the 
cylinder of 1^ pounds. I am not sure whether this is vapor left in 
the cylinder and exhaust passages or in the pipes connecting the in- 
dicator with the cylinder or a slight leak in the indicator cocks. 
Perhaps we will not go wrong in attributing it to all of these possible 
causes. 

Card No. 10. — Single nozzle, 4 inches in diameter. The effect of 
the communication between the exhaust pipes is very evident in this 
card, and is more pronounced than in the third notch. The line of 
release does not fall to the atmospheric line by several pounds, and 
this with a comparatively low boiler pressure and speed. 

Card No. 11. — Single nozzle, 4f inches in diameter. This card 
is taken at a high speed and boiler pressure, and consequently the 
rise in the exhaust line is considerable, showing in the middle a back 
pressure of 7 pounds. 

Even though we have in this card a greater proportion of back to 
gross pressure, the power is obtained with the same consumption of 
steam per H. P. as in No. 10, the result of a higher boiler pressure 
and speed. 

Card No. 12. — Single nozzle, 4f inches in diameter. This card, 
taken with a high boiler pressure, shows a very good distribution of 
steam. The presence of exhaust steam from the other cylinder is 
indicated by the curved exhaust line. 

Card No. 13. — Compound nozzle, 4^ inches double and 4 inches 
single. This nozzle gives a very inferior distribution, back pressure 
being very great, which detracts considerably from the power devel- 
oped in this notch. Insufficient lead is very apparent, especially on 
the back end. Speed has in this case greatly influenced the quality 
of the exhaust, owing to the small size of the single nozzle. The 
line of release does not fall well, and the exhaust line remains above 
the atmospheric line, showing a back, pressure of nearly 5 pounds 
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for a eonsiderable portion of the stroke, when the steam from the 
other cylinder raises it to 8 poands. 

Oomparing this card with No. 6, where the pressure of steam is 
12 pounds less at the point of release, it will be noticed that the ex- 
hanst line rises about the same height in each card from the ^* blow 
over," although we might expect it to be higher in No. 13, con- 
sidering the more imperfect exhaust. 

Card No. 14. — Compound nozzle, 4^ inches double and 4^ inches 
single. This nozzle gives a much better card than the previous one. 
They are taken under similar, if not exactly the same, condition of 
speed and boiler pressure, and at nearly the same time. 

The exhaust line is considerably improved, and the line of release 
&lls much closer to that of the atmosphere and the proportion of 
back to gross pressure 5 per cent. less. The H. P. developed, even 
with a boiler pressure of one pound less (equal to 7 H. P.), is 
greater, and the consumption of steam per indicated H. P. per hour 
is decreased 4 per cent. All these improvements are solely due to 
the increase in size of the single nozzle. 

Card No« 15. — Compound nozzle, the double nozzles being each 
3} inches and the single nozzb 4^ inches in diameter. The exhaust 
line in this case shows no " hump," but it is kept above the atmos- 
pheric line by vapor or steam in the exhaust passages. 

The engine in this case is really working with double exhaust 
nozzles as in No. 9, the single nozzle of 4^ inches being too large to 
materially affect the quality of the exhaust. 

The consumption of steam per H. P. is about 3 per cent, greater 
than in No. 9, owing entirely to the smaller amount of lead from 
wear of valve gear, both cards being taken under similar conditions. 

Card No. 16. — Compound nozzle, 3^ inches double and 6 inches 
single. By enlarging the single nozzle to 6 inches we decrease the 
amount of vapor left in the exhaust passages, and cause the exhaust 
line more nearly to approach the atmospheric line ; but it must be 
remembered that the speed is somewhat less. Compression is here 
much reduced, causing the proportion of back to gross pressure to 
fidl to 6 per cent., and further, we have the work performed with less 
steam per H. P., due in great part to the higher boiler and smaller 
amount of back pressure. 

Card No. 17. — Compound nozzle, 4^ inches double and 4f inches 
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single. This is an example where an increase of speed increases the 
H. P. with economy. The work is done with the same consumption 
of steam per H. P. as in No. 16, where the boiler pressure is very 
much greater, to be attributed to superior exhaustion in proportion 
to the speed and increased compression, which has raised the steam 
line proportionally higher. 

Card No. 18. — Compound nozzle, 4^ inches double and 5 inches 
single. Through a decrease in speed we have an increase in the 
amount of steam used per H. P. amounting to nearly 5 per cent., al- 
though the single exhaust nozzle is much larger. 

This effect of speed and hi&rh initial pressure must not be for- 
gotten when comparing the results given by different nozzles. The 
advantages to be gained by speed and pressure depending on the 
size and arrangement of nozzle, being greater with the double and 
compound nozzles, with the exception of that where the single 
nozzle is only 4 inches in diameter. 

DIAGRAMS TAKEN IN THE FIFTH NOTOH. 

In this and the sixth notch the influence of the exhaust nozzle is 
much more marked than in the first four notches, and I would ask 
to be excused for necessary repetition, as all forms of nozzle affect 
similarly the distribution in each notch, the difference being only 
one of degree. 

Card No. 19. — Low double nozzles, each 3^ inches in diameter. 
Is taken with a low boiler pressure, but at a high speed, over 28 
miles an hour. The steam line rises very well, considering the low 
boiler pressure, but the line of release does not fall with sufficient 
rapidity to secure a good exhaust, and as a consequence the exhaust 
line indicates a back pressure of 4 pounds during the whole period 
of exhaust. 

Card No. 20. — High double nozzle, each 3§ inches in diameter. 
This card is but little different from No. 19, and indicates the work 
performed with a trifle less steam per indicated H. P. per hour, to be 
attributed to a higher boiler pressure. The steam line rises well up 
to boiler pressure, and in the back end has been compressed some- 
what higher. All the lines of the diagram are similar to those in 
No. 19, and the distribution with these nozzles may be considered 
the same. 
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Gabd No. 21. — Single nozzle, 4 inches in diameter. Here we 
haTe the well-known ^' liump ** in the exhaust line, and though the 
boiler pressure is the same and the speed less than in No. 20, the 
proportion of back to gross pressure is almost double and the H. P. 
developed in proportion to speed very much less. Again, this smaller 
amount of power is obtained with an increased expenditure of steam 
amounting to 5 per cent, per indicated H. P. per hour. The large 
amount of back pressure has much increased compression, especially 
on the back end, where the steam line rises as it would with a greater 
amount of lead. 

A 4 inch single nozzle is clearly ^' not the thing " for the develop- 
nent of the maximum power in this notch, and this card tells, most 
eloquently, the necessity of enlarging it. 

Card No. 22. — Taken with a larger nozzle, shows a reduction in 
back pressure in proportion to the higher boiler pressure and speed. 
The back pressure is, however, still very great. 

The lower expenditure of 3 per cent, in steam per H. P. must be 
attributed to the higher boiler pressure and speed, and not to the 
increase in the size of the nozzle. 

Cabd No. 23. — Ry a further increase in the size of the nozzle we 
obtain much better results. With a much higher boiler pressure 
and a somewhat higher speed the back pressure is considerably less 
than in No. 21, and the power is obtained with 4 per cent, less 
steam per H. P. 

^his distribution is inferior to that of Nos. 19 and 20. The 
principal point of inferiority being the greater amount of back 
pressure. The consumption of steam per H. P. is similar, but the 
boiler pressure in No. 23 is very much higher. . 

Oabd No. 24. — Compound nozzle, 4| inches double and 4 inches 
single. This may really be called a 4 inch nozzle, yet it gives a some- 
what superior exhaust to the 4 inch single nozzle as shown in No. 21. 
With a higher initial pressure, and consequent higher pressure at 
the point of release, that line approaches much nearer to the atmos- 
pheric line and the back pressure is much less. The consumption 
of steam per H. P. is the same, although the lead in No. 24 is much 
less than in No. 21, 

Card No. 25. — Taken with the compound nozzle, each of the 
three nozzles being 4^ inches in diameter. A very good distribu- 
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tion, but tlie boiler pressure is low, and the steam line does not rise 
well up to that of boiler pressure, owing to insufficient lead. From 
these causes this card does not show the work to be done with less 
steam, though the back pressure, notwithstanding the greater speed, 
is less than in No. 23. 

Card No. 26. — Compound nozzle, 3^ inches double and 4^ inches 
single. May be considered exactly similar to No. 20, with a 
smaller amount of lead, which causes the production of power to 
be more expensive. 

Card No. 27. — With the single nozzle increased to 6 inches 
gives a very good card. The speed is comparatively very slow — 17 
miles an hour. The boiler pressure is, however, very high, and 
gives an economical production of power. This high pressure and 
the low speed brings the steam line up to boiler pressure on the 
back end, but not until the piston has commenced its stroke, show- 
ing an insufficiency of lead. This card, from its unusually high 
pressure and low, speed is not comparable with others as an example 
of the effect of the nozzle on the distribution of the steam in the 
cylinder. 

Card No. 28. — Compound nozzle, 4^ inches double and 4f inches 
single. This card is comparable with No. 23 ; and though the back 
pressure is somewhat less the power is not obtained with greater 
economy, the lead being greater in No. 23. 

Card No. 29.— -The single nozzle being enlarged to 5 inches in di- 
ameter. Back pressure is considerably reduced and the power ob- 
tained with a slight economy. 

The release and exhaust lines aire much superior to those on Card 
No. 28; and, in fact, are superior to similar lines in all other cards 
and show an almost perfect exhaust. 

That the line of release does not fall to the atmospheric line is 
not due to the nozzle but to the friction of the steam in passing 
through the steam port. 

This card, compared with No. 28, proves that in the compound 
nozzle the single nozzle must be much larger than the double noz- 
zles to obtain a perfect exhaust. This is also proved where the 
double nozzles are each 3^ inches in diameter and the single nozzle 
increased from 4^ to 6 inches. 

If, in this card, lead were greater the consumption of steam per 
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H,. P. would also be reduced and the line of release, and possibly 
ttkht of exhaust, improved. 

Taken altogether this card is very satisfactory ; the boiler pressure 
being high and the speed 21 miles an hour, which is a very high 
rate for a freight engine working in this notch. 

We can not look for any appreciable economy by improving ex- 
haustion, but a considerable improvement could be effected by bring- 
'mfH the steam line well up to that of boiler pressure before the 
eommencement of the stroke, easily accomplished by an increase of 
lead and by maintaining this pressure during the period of admis- 
sion, which could only be done by using superheated steam and 
securing an early and large opening of port. 

By obtaining by these means a maximum amount of power in this 
notch, from a given boiler pressure and speed, we avoid the neces- 
sity of dropping the lever into the sixth notch, which is a very 
expensive one — the power being obtained with a very much higher 
consumption of steam per indicated H. P. 

DIAGRAMS TAKEN IN THE SIXTH NOTCH. 

Cards Nos. 30 and 31.'— Are taken with the single nozzle 4f 
inches in diameter. 

No. 31 represents the work done by the locomotive overcoming a 
gradient of 20 feet to the mile and about 1^ miles long. 

The train consists of 45 loaded eight-wheeled American box cars, 
weighing about 800 gross tons — cars and freight. With such a 
train this grade must be taken with a smart run, which in this card, 
taken as ^' she strikes the grade,'' is about 26 miles an hour. 

The H. P. developed is 784 — the back pressure being very great, 
amounting to nearly 95 H. P., is certainly very excessive.. The cost 
of producing this power is a trifle less than in No. 30, which we must 
attribute to the higher pressure, if not to speed, which is rather 
high to prove economical in this^notch and to the superior form of 
the exhaust line. It will be noticed that the exhaust line falls to 
within 6 pounds of the atmospheric line in No. 31, when the exhaust 
steam from the other cylinder is " blown over " and raises it to 14 
pounds in the middle, and it again falls to 11 pounds at the point 
where the valve closes the exhaust. This volume of steam, 11 
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potinds in pressure, is stored up in tbe clearance space and gives out 
its energy during the succeeding stroke. 

In No. 30, however, the case is different ; the exhaust line falls to 
within 2 pounds of the atmospheric line and is then raised by the 
steam, from the opposite cylinder, to a height of 11 pounds in the 
middle, and it then falls to 3^ pounds at the point of compression. 
This is a bad phase of the " blow over," the steam exerting a 
prejudicial back pressure and escaping before compression com- 
mences, an effect due to low speed. 

In No. 31 very little of the steam blown over is lost, the higher 
speed not giving it time to get away again before the valves closes 
the communication with the atmosphere ; the steam " blown over '* 
only detracting, by its back pressure, from the power furnished in 
this notch. 

It would even appear economical to have a " blow over," where the 
whole atnount is saved by compression, because it keeps the sur- 
faces of the cylinder and piston at a higher temperature before live 
steam from the boiler is admitted, preventing a loss from condensa- 
tion, and, although cards with this '* blow over " do not show a 
superior economical production of power, there is no doubt that this 
mitigates the evil resulting from the greater back pressure. 

Card No. 32. — Compound nozzle, 4^ inches double and 4 inches 
single. This card proves the truth of the foregoing remarks. Here 
we have a much higher proportion of back pressure, which at the 
point of compression is 14 pounds. 

This enormous amount of back pressure detracts considerably from 
the H. P. that should be exerted in this notch ; but yet the cost of 
obtaining it is only 5 per cent, greater than in No. 31, and this must 
be attributed almost entirely to a much lower boiler pressure and a 
smaller amount of lead. This insufficiency of lead is very clearly 
shown in the back end, where the piston has traveled some distance 
before the steam has reached its maximum height. 

Card No. 33. — Compound nozzle ; each of the three nozzles be- 
ing 4^ inches in diameter. In this card the " blow over " is still 
visible^ but notwithstanding its lower boiler pressure, speed, and 
lead, it compares favorably with No. 31 (speed, when the exhaust is 
good, decreasing the steam used per H. P.), in regard to consump- 
tion of steam per H. P. 
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Card No. 34. — Compound nozzle, 3^ inches doable and 4^ inches 
single. Comparing this card with No. 26, taken in the fifth notch, 
under similar conditions of speed, boiler pressure, and form of noz- 
lie, the advantage of working steam expansively is well illustrated. 
The H. P. in No. 34 is 574, and in No. 26 is 522, a difference of 52 
H. P., which could have been developed in No. 26 with an addi- 
tional boiler pressure of about 8 pounds, and the consumption of 
steam reduced from 23.7 pounds to about 23.25 pounds per indi- 
cated H. P., which is over 10 per cent, less than the consumption 
shown in No. 34. 

The release pressure would be much less in the fifth notch and the 
Mtion of the blast much milder, increasing the evaporation of water 
per pound of coal and lowering the vacuum in the smoke box, which 
means less tendency to throw burning cinders out of the slack. 

Card No. 35. — Compound nozzle, 4^ inches double and 4f inches 
single. Is a very good card, showing a good release and a slight 
curve in the exhaust line. 

Card No. 36. — With the single nozzle increased to 5 inches, is a 
farther improvement. It will be seen that the line of release does 
not fall to the atmospheric line in any of the cards in this notch, 
and that the exhaust line falls to its minimum only after the piston 
has traveled a considerable portion of its stroke ; and, further, that 
the line of release is not greatly improved by a considerable aug- 
mentation in the size of the exhaust nozzles, as, for instance, in the 
compound nozzles, where the 3^ inch double and 4^ inch single, and 
4} inch double and 5 inch single, are used. 

DIAGRAMS IN THE SEVENTH NOTCH. 

Card No. 37. — 4f inch single nozzle. This card, taken with a 
high boiler pressure and at a speed of 14 miles an hour, has a very in- 
ferior form of exhaust line, the steam " blown over " raising it up to 
12 pounds, and most of this escaping before the exhaust port is 
closed, leaves a volume of steam only 5 pounds in pressure to be 
stored up in the clearance space. 

An error has been made in tracing the admission line on the back 
end of this figure. There were several of these lines parallel with 
one another, and the upper one, being the most clearly defined, was 
traced. Some delay has taken place between the time of taking these 
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two figures, and tlie pressure of steam lias risen in the boiler. Since 
tfie power was calculated witli this line it has not been altered. 

Card No. 38. — Compound nozzle, 4^ inches double and 5 inches 
single. Has a very superior exhaust line to that of No. 37, although 
it does not so soon reach its minimum height above the atmospheric 
line, caused by high speed, which greatly influences the quality of 
the exhaust in this notch. The steam line does not rise to boiler 
pressure from insufficiency of lead, and to the lower initial pressure 
and higher speed must be attributed the slightly increased consump- 
tion of steam per indicated H. P. 

EIGHTH NOTCH. 

Card No. 39.^-Shows the distribution in the eighth notch with 
the single nozzle, 4f inches in diameter. There is a back pressure 
of 5.2 pounds, caused almost entirely by the steam "blowing over" 
from the other cylinder. This is *' pure loss,'* the steam escaping 
long before compression begins. 

The fall in the admission line is no doubt caused by the valve 
closing the port. The steam line indicates that the engine would 
be improved with a greater amount of lead. 

NINTH NOTCH OR PULL OEAR. 

Card No. 40. — The same remarks apply to this as to the last 
card. The exhaust line has been raised in this case to a height of 
17 pounds above the atmospheric line, by the exhaust steam from 
the opposite cylinder, causing an average back pressure of 5.2 pounds 
during the stroke. 

The fall of the admission line for a short portion of the stroke is 
evidently caused by the valve moving across the edge of the port, 
which for an instant checks the flow of the steam. The consump- 
tion of steam per indicated K. P. per hour is 33.7 pounds in this 
notch. A similar amount of power is developed in Card No. 1 with 
a consumption per H. P. of 21.16 pounds of steam, or 37 per 
cent. less. 
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per H. P. ,T.o7 Lbs. ^tf 

FuoBT End— Water uied per ni[nule . 
Ibl., wnler used per hour 9510 lbs., k; 
used per indicated H. P. pet hour 30.34 > 

Kb., mean pressure 57-9 Ibl., H. P. 45 
proportion of tuck to gross pressure 15 

Bacc Ekd — Water used per loiaute ti 

oleil per indJCUCdH. P. per hour 11J07 I 
gross preHure 65.7 Ih*., uck pressure 
Ibl., meu ptesuK s6-a lb»., H. P. 44 
proponioa of lack to gn» pressore 15 




t*.««.»^ .\ «;*«. «at «tf sH wdkts. tnd 

*^m'^ ti* Hr>J tvJt-H. P. *)BV)S. ■»«!« 

S«lJ^*^-.!tjH 



IS*. »*(« 1M4-1 r« WW Wm iJa., »m™ 

wj r« hkUhrJ h p. « vw »>, a>, 

*fwi M4»»re ^ * 4^. StK^ K*»ar* £.> 



' K.vvKN<>-«'M«)ari 



nmmtmm i,^ik.— (jMpov^iuBile 4U 
kei (LhMc tadtmiAa ugle, 3d notcE, 
— <kre((fe< badB pr_ht 139 Ibl, re>o- 
luk-Tu r&i per WM, wuer X tm. ncnum 
><, iKiM3.c« itffH ^eke^ 1^ t-ifi inch. 
Mc ^ the nw ads-H. P. 4£..5, ..ler 

FioBT Eav— WsKT ned pa uinte i«s.t7 
W. ma .Kd pa bn guS IhL, nter 
»i 7« iHikaMi a. P. ptrhou >i.5s lbs., 
—" ~ ■ "" ■ • Kg Be, Wi promrc u.6 
<«R ».j »i.^. P. 4«..5. 









At*Sna>tR*nn 19 per ' 






»&^ iiXB— ■■■H' wata per iHnmte 119.1 
&. ra« iBtd BB how ge«G lU, vnier 
»£ ;« bdfeMiH. P. BcfSw «.n IbL, 
FHS pee mu * ftLj Ks, lack ifraaan ii.i 
a., n™ t m il l n.a lb«, H. P. «8.6, 



F-™?™"-^^ 



■.«S.6, 




iTniBEB n, 187S.— Compound noiile, Decehser 3%, 1878. — Compound noiile, 
iches douSe and M inches single, 31J 4}4 inches douKe and 5 incTies single. }i 
. _.. .>.....,.j ^.^?,'. A, I, -". .i.~,n|ed, boiler pressure lajf"., 



,^ ches double and .« inches single, 3d 

aSch, not throlil=d,bo?l?r pressure .39^ft,s., 

Irssi'" " " ' 



:■« off''9^'iiiIi«?'lerd"^i6j*c1!" ' ' ™uum°.« Ucfe" ™t"^'9»"i«hesfl^ ■ 
!an of the two ends— H. P. 4 



IbL, water used per hour 8985 lbs., water 
BKd per indicated H, P. per hour ao.9 lbs., 

BKiiaeaa pressure 57.6 lbs., H, P. 43a, pro- 



7.9ibs„ mean pressur^ 59.4 fhs., H. P. 418.8, 

Back End— Water used per minute 143 

use's "per indicate Jh. P?^r Sour no'.j^^^, 
BTOss pressure, 6j.i Ibi., hack pressure 6.5 
lbs., mean pressure 38.6 lbs., H. P. 413-1, 




minute, water ««■**'. vacuum 4 inches. 


Fbbruabv 6,i877.--4lnch single noide 
fth notch, not throllled, boiler pressure 130 
lbs., revolnlions 116 per minute, water ft 
glass, vacuum 4 inches, cut off 11 inches, 
read s-3' inch. 

used per indicated H. P. per hour 31,95 Ibs- 
eross pressure 78.4 lbs., Wk pressure 8.4 
lbs., mean pressure 70.0, H. P. 410.8, pro- 
portion of back 10 gross pressure 11 per 


Mean of the two enils— H. P. 503, water 
perH. P. ai.ilbs. 

ftOBT EsD-Water used per minute 
177.34 "»■. "«""■ "»<' P" hour TD640 lbs., 
water used per indicated H. P. per hour 
H.I ibs.,gross pressure 80.4 lbs., back press- 

^(S^EW-Water used per minute 177.41 
Iha., irater used per hour 10645 lbs., water 
used per indicated H, P, per hour ai.j lbs., 
msi pressure 78.7 lbs., hack pressure s.7 
Rh., nuHin pressure 73.0 lbs., H. P. 500, pro- 
portion of back to gross pressure 7 per 


Back Em—Water used perminuie ijS.a 
lbs., water used per hour 937= lbs., water 
used per indicated '.a. P. per hour aa.6 

i%cr.™™v.'45ib.'rB.i.. „:,', 

proporuon of back In grnss pressure 11 per 




FasBUARV 8, 1877.— 4K inch H'nglc not- April ag, 1878.— tK in<:h single noEile, ith 
lie, 4lh notch, net [liniltlcd, boilcc pceisure nolcli, not throttJeci, boiler picssuie Mjlht., 



, . ., .cut off II IOC 

can of Che two cods— H. P. 917.5, w 



Fkont End— Water u<c< 



H.ig Lbs., gwost presaure 7^7 tte., back 31.8 ]bi.,ET<>u preiiure 84.J lbs., backpress- 

H. P. 564, proporuon of bw:k to gross press- 533, proportion of back to gross pressure 10 

Back End— Water used petmiauu 304.3 Back End— Water used pctminule 196.76 

lbs., valer used per hour iiisS lbs., water lbs., water used per bour 11E06 lbs., water 

used per indicated H. P. per hour 114 Ibt.. uied per indicated H. P. per hour 31.78 lbs.. 

E™ni™''pr"MuteM!!i'[l^!', rfp^ss"?^ fii™™™' pr^uri!V9ll»"n.''p™irp?o. 




, -. . _ Sea«l4KinctissinBle,4ti; 

™"oli;|oi?^£8^^t^i^nu«^waM"^las;| revolu|on8 ;£^^^r'B^u^ef™er M^bsi; 
'nch.""''"' "''^'' " '""'"■ ^^' ™Meanorihe''t«o'ends— H. P. sio.a, w«er 



ajj4 Ibi. FnoNT End— Water used per miiiule 186 

FnoNTEND— Water used per minute iSo.i lb)., water used per hour 11160 lb*., water 

Ibt, water used per hour 11364 lbs., water used per indicated H. P. per hoar ai.87 lbs,, 

usedperindicatedH. P.perbour».48Ibs.. erot< pressure 7J.0 lbs., Iiacb piessuie Si 

Koss pressure 77.1 lbs., back pressure ii.i lbs., mean pressure «6.s tbi., H. P. 110.3, 

I., mean pressure 65.9 lbs., H. P. sas.S, proportion of back to gross pressure it per 

cent, B^CK EHD~Watet used per minute 186 

Back Eni>— Water used per minute toi.i tbs., water usjd per hour, 11160 lbs., water 

iKs., water used per hour 11473 lbs., water used per indicated H. F. per hour. si.Br 

led per indicated H. P. pet hour 13 lbs., lbs., gross pressure 73.5 lbs., back pressure 

ross pressure 73.4 lbs., back pressure 10 4 .70 lbs., mean pressure 66.5 lbs., H. P. 510.1, 



proportion of back 



65.0 lbs., H. P. 49S.7. 




S^riS T ° M^ notch, not thtollled, boiler presiure .^ 



"83 Ibi, w»H 






v*4 per indicsnd H. I 

ft*., emu preuure Scs lb>., back prcuurc used per indicated H, P. p*t hour Jl'.J Ibl 

MU».,.I«an pressure J3.0 lbs., H.l'.4aj.B, gro« prctsurc Si.J Ibl., Wk preMure 5. 

Tcopartum of tick 10 groil prestutc » ptt Iti., mean prsMure jj.ft lb.., H. P. «;o.: 




DiciMeut aj, iStS. — CompouDd nonle, 
4J( inchei double Mdjji inche. single, jth 

nciiuB3>{ ucbet, cut off t> inclwi.leid 

*11« of tke t-0 *ndi-H. p. s»9. water 
per H. P. ai.a Ibi. 

raoHT Eho— Water uted p<r minute 186.4 
Oa,, nter uied per hour iiiSj Ibi., irUer 
Bcd per iudicmtcd H. P, per hour If lb.., 

IEl, mean preuare 64.3 lbs., H. f. 533.3, 
piop*rd« of back » gtoii pretiure 11 per 

Back Khd— Wuer lued per oiDuie 1S9.3 
lU, vUer uied per hour 11358 Lb.,, witer 
ucdper indiciled H. P. per hour iL.fi Ibi., 



inchei double and 5 inchei lingle, 4!^ 



Mean of ibe two eud>— H. P. 4», waiei 
per M. P. 33.95 ll". 

usiS"'per'iodfcate"H!"p. p"r hour "jS 
lb... groM prcHnce 75.4 Ibi.. back preuurc 
6.3 ibs.,,inean preisure 66.3 fbc, H. P. 436.9, 

Back Ehd— Water used per minute i6a 




Die, water ;<Eiu>,vticuunisbchei,Eu[ off me, wuerk eIhu, vacuum 4<j inched 
.jS bcl.=.7le.d M ineh fuir aBtsH incVet, lead H inch iSi. 

TuoNT END-W.ter u>ed permiuute .sj.S FikSt END-lw.leVuted pet Binuu 



I uKd per hoat I5MB Ibi., watec lb>„ vaier u<ed per hour I'lBsS Ihi., wai« 

lieu per indicated H. P. per hour 13.44 used ptt iudioled H. F. per hour 13.6 lb>., 

\a., groai preMure 8i.j Ibi., back presjDre BTOM preuorc B6.j lbs., biiek preuur* » " 

.1 ibi.,,meanpreuur< 75.3 lbs., H.T.fiM.S, Ibi., meui greiiure n-7 Ibi., H. F. ;, 



.n preuure 75.3 lbs., H.T.fiM.S, Ibi., meui preuure r 



H^P- |4S-* 



Back End— Water Died per minute 153.3 Back End— Water uMd per minute aoB.7 
Ibi., water used per hour iji^ Ibi., water ]bi., water uied per hour lain Ibt., nler 
uied pet indicated H. F. per hour 93.04 lbs., uied per mdicated H. P. per hour ».g lU., 
Bro» pressure 81.7 Its. back preiiute 6.6 grosi presiure M.o Ibi., back ptenute 6.1 
Ibi., mean pteuure 751 lbs. H. P. 654 pro lbs., mean presiure ,a.g Ibi., H. p. s*6j, 
: r i,._i , i — ^ ( ^^^ pteuure 7 per 



portion of back to gtou prenure 8 p 




Februaiv 6, rB77.— . inch angle noiile, Fkbruarv 8, .87;.— 4H inch nngle noi- 

5th notch, not thtotlled, b«lcr pressure 133 lie, jlk noiih, not thtotlled, boiler prcBare 

^s,"cm""ff'''3x'£'cheT,"'le"j Ji'VdC^ 3^^glii,'c" o'fftsxtnKLJri^'H^^h 

lbi.!'waler''u'nd pe"hont ti^]bs,.Vatet lbs., watii used pe'hour M'l^lbi!, «Ier 

used perindicatedH.F. per hour >4.> Ibi-, used pet indicated K. P. per hour >3.>6 

ffs't'iS™ proHure jl".'? °bl., ^it'p.'^gs'j! lo.s'lf ™?m pmsSre'Bi.j tb...'H.¥*fafe" 

Ibi., water"^d peVhour.iiTsTlbi., water lhi.,\aler uied pe"b"Dur 140^1 l£°waMr 

used per indicated H. P. per hour .,.3 Ibi., used per indicated H. p. per honT(3,C61liL. 

K.osi pressure S9.9 lbs., back pteisute 11.9 gtoss preisure 90.1 lbs., back preaute ia.6 

I., mean preiiure jt.o lbs,. H, P. 485.1, lbs., mean prcMure 79.5 Ibi,, H. P. 593.4 




Ed per minuK «6 fcS"'"^ ?neh full.""^ "' 
r ijs6o Ibt., water Fhobt End— W«er u 



lb«., groM pretiure 96.5 1b«., back ptcsjurc u>ed per indicated H. P. per hour J4.67 
a.j Ibt., mean presiure 87.8 lb>., H. P. 583, ibi, groM ptessurt 94,8 !h«,, baclr Dtewure 

Back End— Water uKd per minule 1114 
Iba., water aied per hour 11774 Ibi., water 
DKd per iDdicued H. P. per hour 13.85 
ll>«-.^™» P'SMure 9S.7 Ibi.. back pteiniia 

proportion of Enck to grou preuure 10 per 




NovEUBER », T8;g.— CDrnpoiind nonle, Deceubee 1. 1878.— Compound noiile, 

4M inches double and 45i incbe. Hngle, 5th 3^ inches double and 4K.inclie. .ingle, 5th 

lbs., r'evolutionj isi per minute, water full Ibt.^ revolution. 114'per minute, water jl 

■laB. vacuiin, ,K ,ncEe.,cut off .jX inches, pla.., vacuum 4 inches, cut off 13H i>";l>e., 

lead M ineh full- lead M inch full. 



7,6 lb.., mean pre.aure 74.8 lb 
proportion of hack to gross [ 



7ibV:_ 



., back pres! 
!b8.,H.r.sl 



..mean p[<«<"C ^7 >bs.. H.?. 518, 



Ih... gross preuure 81. i lbs., back pressure lb... gross pressuie B7.7 lbs., Inck pressure 
«,5 lbs., mean pressure 74-6 lbs., H.P. 587.S, s.S ihs., mean pressure S1.9 lb... H.F, s^.3, 
proporiian of back to gioii pressure 8 per propailioa of back to iroM pressure 7 per 




Dhcember g, 1E7S.— Campound atazk, 3K I»ciMBn 11, 1878.— Compcund Docik, 

inches double and 6 inch., single, ah nolcb, 4W inches double and 4Xj""^^" "'f'^' S"* 
er pKHureii], S- '^".°- ° "^ ...... "■ ,^ ' ,^^„u™w^r'S 

ncb«,cut<,ffi3}(i«h«- 



full glus, lbs., revi 

used per miuuU ,3^.5 fe^ji ™h ft 

hour 11670 lbs., water Fkdnt End- 

H. P. per hour 23.1 lbs., graler u>i 

)s., eross pressure ioi-4Tbt.,lhick prest — '" -'- ■■"' 

,1 !&., Dufan pressure 9,., lb.., if. P. 



tbs., 



> sr back u 



Back End 



}. si^ma^walan S3, 9 ttw.t H . S-'.'P?." 



proporlioD of back 10 gtosi pressure 3 per j.j I'bi., mean pressure Sa.j its., H. F. (11.9. 





BCBHBKR St. iB;8.— Comnound noiile, ApaiLsg, igjB.— *Minch ungfenozit*,6lh 

inches double and 5 inches single. 5th noich, not Ibmtleil.bDitEr pressure 13; lbs,. 



i'lSTrSlf' ° _.._ ._ ^„ ^ 

Front End— Water used per minuH iiS lbs,, nater used per hour 15360 lbs., water 

lbs., water used per hour ijogo lbs., water used per indicated H. P. per hour j«j 

used per indicated H, P. per hour isjfi lbs., gross pressure 107., lbs,, biu^k presturS 

lbs., zrosi pressure 91.7 lbs., back pressure 71 l>>s..n>eanpre>sure roo.3 Ibi., H. P. cSi.t, 

5.« l^.mean j>ressure Sj.i lbs., H. P. 560, praporliDnDr tack la gross pressure 7 per 

Back EHD—Water used per minuM 197.9 

17 5 lb*-, water used per hour 1J4J4 lb*., wnlir 

— , ... — .. — [,... — -. .j„3„ ,„,., -iter used per indicated H. P. mr hour 16.5 

used per indicated H. P. per hour 13.1 lbs., gross pressure 107.0 lbs., back preMnra 

lbs., gross pressure sa.i lbs,, back pressure 6,3 lbs., mean pressure 100.7 f*"- «■ P- 584, 

4.1 lbs.^iDean pressure 87.9 lbs., if. P. 565, proportion of back to gross pressure 6 pet 

proportron or back to gross pressure 5 per cent. 



in of back 11 



f-/ 




BiS.— jK inch single noiilt, Novihbsi i, 1878.— Con pou ad nonl 



FaoHTEh 
Sl, meaii picHurc 9IS.1 lb(.. H; 



:r midale, «alcr Jj Doich.nol ibrolilwl, b^lcc , .„ , 

s, Ind >i inch. TCVDiutigns 14S per minuU. witer ^ (>*», 

«dpcrminuce]ti.39 vacuum J inches, cut off 15K inches, Icwi 



of b; 



.776,Pf 






d H. P. p 



rS lbs.. 



■led per indicated H. P. pet hour ifi.is bUx End— Wnler used per minule iM 

'n.»lG!rnleanpressure98.oib8., H. P.jgi, uMi"per'indtcale(r h!".'^ hou't".» 
pnronioD of back taiross pressure 10 per |bi., grots pcessurcu.o lbs., back pressure 
T3.4[E^.,iiieaDpreisure8<>.6ibt.,H. P.61S.4, 




NoTnaaE iQ, 1S73.— Compound nottte, Decehbbb 1, 1S7S.— Compound noiite, 

Oi Inchei double and iM inches single, 6tb 3% inches double and ^M inchts .IngLe. 6th 

J^'kums"'."'p«'miiuEer™er"j4^(a.'i: "Volitions ■^'^'■'■ninuHr*""^'^''^' 

ncDum 45i inches, cut off ijK inches, lead vacuum ,Jj inches, eu. off is)i Luchei, lead 



Fboht End— W. 



Ct l£^ mea"p"e"jUK 9j!'6' lbs., it. P. 5"" 8.j'ib?"mei"p'esru« 88,9 Vbs., H.>. S71.3. 

Back Ehd— Waier used per minute 130.6 Back Emd— Water used per minute jso.6 

■K<l'l«"in"dicaie"H°p'p'er bourie'lb!'' u!=d"[^r ^nd1caild'H.''p'p'e?\ou/i«"lbs., 

C!rm«"*pres?ur''e gl.h lbs., iCp'"il't, Ks"! mM'n'pre'sure agVlbs'!" H.''p! S77?P"> 




_ Decsmsbiiji,iM.— Con.p<randno«le4K Dkcbkbih as.iSTS.-Conipouiidnoi.leiK 

iDchHdouM..nd,Jiinche,.insle,6ihiiolc£; inch« douhlf iidi mch« .Wt,6thnoKe; 

nol throttled, boilet prcunre ii; "w.. reyo- not throttled, boiler prfasun 140 lbs., rwo- 

luuonjsjpciniiaule, water « gl»i5, racuuoi lotions io« per min., water % gitss, lacutm 

* FkS"t lN.^»^.ttI" ed pe?^,-i?u« ™ a HS^N^Waltl'uKd e'r'Ab.i«'"^^ 

Ibi., water uied per hour n,.68 lb.., wuer lbs.. w»Mr "utTd »r'b"our .I's.J'lb" *i^r 

UKd pet tndmted HP. P" >">ur »S-7 "»■. used per indicated H. P, per hour 15.76 Ibt, 

R.., irean prei^re ».'« Ibi., H^p"*^! Ii,™"me^1^Kur^ iM^eibs.. &?p!'?6il 

Back End— Water uied per niinuie mh.^ Back End— Water used pet minute 93p.e 

utwlperindkateSH.P.pet'hout I'lj lbs.. u«i per indkatel^H. pJieV^our as-Tj'Si' 




ApBiLn. tBiS.— iMinch liiiKle nozile, 7lh DBCBHBEtis.iSTG,— Compound noiiIe4K 

notch, not throttled, boiler preuure 140 inches double andsinehesiingle.Tth nolcC, 

Ihi.. revolutions Bf per mitiute, water full not throttled, bffller pressure 138 lbs., revo- 

. g[aH, eut off if« inehet, lead j-ja ineh. ruiions 104 per min., water K glass, vacuum 

F.ONTEND-S'ateriSdperSuute.js.., 4)( inches, cut off .,!< inche,^ lead M i"eh. 

lbs., water uted per hour ij.oBj lbs., water Fbont End— Water used per minute a68.! 

UKd per indicated H. P. per liour ij.S lbs., lbs., water used per hour iG.iiS lbs., water 

CI pressure nj.6 lbs., lack pressure B.i used per indicated H. P, per hour aB lbs., 

. mean preiiure iij.j Ibj., H, P. joj, gross pressure 113.3 ">s., back presaure S.a 

useltptr'mdl'atedH.pl'^per'hJ'uriT.'arTbi., lbs., water used per hour is,7«9 lbs., water 

gross pressure iis.6 lbs , back pressure f.s used per indicated H. P. per hour 17.4 ibt., 

Ibi., mean pressure iiS.i Ihi., U. P, 514, grou pressure tii.6 lbs., back preiiure 4.S 

proportion of back to grou pressure 6 per lbs., mean preuure loe.R Ibi., H. P. 57$, 



,* . 
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April 39, 1878. — 4^ inch single nozzle, 8th 
notch, not throttled, boiler pressure 142 lbs., 
revolutions 56 per minute, water full glass. 

Front End — Water used per minute 191.8 
Hw., water used per hour ix,so8 lbs., water 
used per indicatea H. P. per hour 30.9 lbs., 

E>ss pressure 133.5 lbs., oack pressure 5.2 
., mean pressure 128.3 l^^'* H. P. 372.3, 
proportion of back to gross pressure 4 per 
cent. 



UToM 



1 




April m, 1878. — 4^ inch single nozzle, 9th 
notch or full gear, not throttled, boiler pres- 
sure 139 lbs, revolutions 52 per minute, water 
^ fflass, vacuum 6% inches. 

Front End — Water used per minute 198.2 
lbs., water used per hour 11,890 lbs., water 
used per indicated H. P. per hour 33.7 lbs., 
gross pressure 136.3 lbs., hack pressure 5.3 
lbs., mean pressure 131.1 lbs., H. V. 353.4, pro- 
portion of Dack to gross pressure 4 per cent. 



RECAPITULATION. 

The followiDg remarks have reference only to the distribution in 
the first six notches from the center or mid-gear, and for a freight 
looomotive having cylinders 16^ by 24 inches. 

1. The form of the nozzle, whether double or single, influences 
principally the exhaust line, or line of counter pressure, although its 

. influence is felt in all the other lines, notably that of release and 
compression. It affects the lines of admission and expansion from 
- compression raising the initial pressure. 

2. A difference in diameter from 3^ to 4^ inches does not, with 
the double form of exhaust pipe, make much difference in the quality 
of the exhaust except at very high speeds and initial pressures. In 
the. first four notches there is not much gain in using 3^ inch instead 
of 3^ inch nozzles — this having been proved in former experiments. 

3. In the fifth and sixth notches, especially the last, cutting off at 
15^ inches of the stroke, the resistance or friction in passing through 
the steam port is greater than the resistance due to the nozzle, the 
area of the port 16.5 square inches and that of the nozzle 4^ or 15.9 

' square inches, being nearly equal. 

4. In the single nozzle a difference in size is very marked. The 
difference in the consumption of steam, per indicated H. P., between 
the 4 inch and 4f inch nozzles being about 4 per cent, in favor of 
the larger — being somewhat less in the first four notches, and rather 



li 
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more than this in the fifth and sixth, greatly depending in all notches 
on speed and initial pressure. 

5. The back pressure with the single nozzle is much greater than 
with the double form, being in the single form very much influenced 
by the size of the nozzle, speed, and initial pressure. 

6. The communication between the two cylinders through the 
single form of blast pipe, which permits the waste steam from the 
one to pass to the other, causing a high back pressure, is not so 
prejudicial to economy as would at first be supposied, this steam being 
retained and compressed in the clearance space, and giving out useful 
work during the succeeding stroke. 

It has, however, an Indirect effect; the engine could in many 
cases, were this back pressure absent, develop more power in a given 
notch, and so use the steam more expensively, instead of dropping 
the lever into a lower notch and running the engine with a partly 
opened throttle. 

7. We may consider the power to be obtained with 5 per cent, less 
steam in the double than in the single form in a freight engine, under 
the most favorable circumstances of diameter of nozzle, speed, and 
initial pressure. 

In a fast- running passenger engine with a heavy train this in- 
creased expenditure of steam would be still further increased, and 
back pressure would become so great as to prevent the attainment of 
a very high speed. 

8. The compound nozzle in its most favorable form, 4^ inch 
double and 5 inch single, is superior to the double form of nozzle 
where each of the nozzles are 3^ inches, and this latter has been 
proved superior to the single form. 

The compound nozzle gives a superior line of release, which falls 
much nearer to the atmospheric line, and, in consequence, gives a 
much better exhaust. 

Even at a speed of 21 miles an hour, and with a boiler pressure of 
138 pounds, there is no evidence that the steam '^ blows over " with 
this nozzle — see Card No. 29. 

In fact, we must consider this a most perfect exhaust, as far as 
influenced by the diameter of the nozzle — the attainment of per- 
fection being accomplished only by increasing the size of the steam 
port, or making it much shorter. 
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9. Size of Port. — The steam port of this engine is, at the valve 
seat, 13f hy 1-^ inches. This increases after leaving the face to 16|^ 
inches long and 1^ inches wide or deep. From what has heen said, 
it would he an improvement to increase the size of the port at the 
face to 16^ by 1^ inches. The only objection to this increase would 
be a trifle more friction between the rubbing surfaces of valve and 
valve-seat. 

It has been seen in all the cards that the steam during' admission is 
considerably wire-drawn and consequently the power developed with 
a given boiler pressure and speed is not as high as it should be, even 
supposing the work to be done with a similar consumption of steam 
per indicated H. P., which would not be the case. 

That the gradual and insufficient opening of the port is the cause 
of this there is no doubt, as notice the effect on the admission line of 
the gradual closing of the port by the valve in Cards Nos. 39 and 40. 

By an increase in the size of port to 16^ by 1^ inches at the face, 
we would obtain : 

1st. An increase of power with a given boiler pressure and speed. 

2d. A more perfect exhaust. ^ 

3d. A slight decrease in the amount of steam used per indicated 
H. P. per hour. 

Against these advantages wo have a little more friction of the 
valve, which is, I think, over-estimated in importance. 

10. Clearance. — This engine has a large clearance space be- 
tween the piston, at the end of its stroke, and the valve face, equal 
to 465 cubic inches, or .091 of tho cylinder contents. 

This large clearance is due to the size of the steam port, the dis- 
tance between the piston, at the end of its stroke, and the cylinder 
head being only ^ inch. Whether this clearance space is or is not 
too large these experiments do not satisfactorily prove. 

That this large clearance is of great advantage with the single 
nozzle is very evident, especially where the back pressure, from im- 
perfect release or from the " blow-over," is excessive, as in the case 
of the 4 inch nozzle. 

As shown in former experiments, there is a gain in power with a 
large clearance space. 

We have seen that it is desirable to keep the size of the steam 
port as large as possible to obtain a perfect exhaust, and this is es- 



140 

peoially the case in the lower notches, from the fifth to full gear, 
and therefore we, most, necessarily, have large clearance, and in the 
first four notches compression is great and we require clearance 
to reduce it. Further, there is no reason to suppose that the work 
is done at a higher cost with this large clearance space ; on the 
contrary, it is helieved to be economical. 

Short, large ports, at the extreme ends of the cylinder, and 
worked by two yalves, by giving a perfect, or nearly perfect, ex- 
haust, would leave but little vapor in the cylinder to be compressed, 
and in such case clearance could be reduced, as by such an arrange- 
ment it would certainly be. 

11. Speed. — The effect of speed on the economical development 
of power is dependent greatly on the form of nozzle. 

It is more economical to develop power by high speed, when the 
exhaustion is of a high order, as in the compound nozzle. No. 29, 
than with the single nozzle of 4 inches in diameter, as in No. 24. 
With the exception of those cards, taken with the 4 inch nozzles, 
the most economical speed appears to be 150 revolutions, or 25 miles 
an hour. 

12. Boiler Pbessube. — As proved in my last paper, and in these 
indicator cards, the higher the initial pressure the greater, in pro- 
portion, is the amount of power developed, and the less the propor- 
tion of back to gross pressure, and the power is produced with less 
steam. When high pressure is used the initial pressure is propor- 
tionally higher, which contributes to economy. 

13. Lead. — Lead has an important effect on the distribution of 
the steam in all notches, notably the fourth, fifth, and sixth. 

It raises the steam line up to that of boiler pressure and main- 
tains this pressure for a short period during admission, giving the 
valve time, as it were, to open the port sufficiently to admit the nec- 
essary steam to keep the admission line well up to that of boiler 
pressure. 

The effect of worn valve gear, or loss of lead, is well illustrated 
in all cards taken with the compound nozzle, being later in date by 
several months than those taken with the single or double nozzle, 
during which time the engine had run a good many miles. 

Lead also affects the line of release, and there is no doubt that all 
of these cards would be improved with a larger amount. 
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uare inches, or somewhat less than the 3^ inch nozzles, were 
led. 

The engine steamed about the same as with the 3^ inch nozzles 
Lth a light train, and it was sometimes thought better. But with a 
Mvy train they were a complete failure ; the engine would not steam 
ell ; in fact, it was difficult to get along at all. The smoke box 
as not cleared of cinders, which about half filled it while working. 
By changing the conical for the ordinary petticoat pipe the engine 
•€amed much better, and the smoke box was entirely cleared of 
nders. 

I may here mention that this form of nozzle was tried on a pas- 
oger engine, the area being the same as the nozzle in use. After 
;ood many experiments we had to abandon it as a failure. 
The discharge of the steam is broken up, as desired, but the 
§ine did not steam so well as with the plain nozzle. 
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Form op Mouth op Nozzle.— The mouth pieces of th^ AouhU 
)zzle were bored out in three ways. 



1. Bored parallel for a length of 3 inclies from the mouth. 

2. Bored parallel for a length of f inches from the mouth. 

3. Bored up to a sharp edge at mouth. 

A number of trials were made with each of these forms, but no 
difference was found to result from their use, all appearing to steam 
equally well. 

If anything, the nozzle bored up to mouth was thought to be the 

mildest in its action on the fire. 

'^ Smoke Stack.'' — In experiments from No. ^ the engine was 

fitted with a new stack, shown in sketch. 

It is smaller than the previous one, being 14 inches in diameter at 
the smallest part, and tapers up to 18^ inches at top. It is also one 
foot shorter. The engine steamed better with this stack than with, 
the previous one. 

This form of stack, increased to 15 inches in diameter at the 
smallest part, has been substituted for a stack 16 inches at smallest 
part and tapering to 19 inches at top, and one foot longer in freight 
engines with cylinders 18 by 24 inches with a decided improvement 
in steaming. A stack exactly similar to sketch has lately been put 
on one of these larger engines with an apparent improvement. 

There is no difference in steaming between stacks 5 feet 9^ inches 
and 6 feet 9^ inches high. 

This was thoroughly tried on a passenger engine with different 
sizes of nozzle and repeated changes in the height of the stack. The 
engine, however, made steam much more freely when standing in 
stations, and steam was '*got up " quicker with the longer stack. 

The coal in all these experiments may be taken to be the same, 
and the engine was run by the same driver and fireman in all experi- 
ments up to No. 78, and great care was taken always to run the 
engine the same way. In experiments from No. 78 the engine was 
run by other men, and although equally as great oare was taken, it 
must be stated that they were not so well accustomed to t\m pad 
and train as the other men, and the results are not so regular. 

In comparing the 10 up trips with the 11 down trips in experi- 
ments Nos. 1 to 21, taken under similar conditions, we find'a superior 
evaporation of about 9 per cent, on the up trips due to the smaller 
and more regular train. 
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On the up trip the evaporation is about the same per pound of 
ooal with trains averaging from 15 to 18 cars. 

On the down trip, when the average train is more than 20 oars 
^le evaporation is very much less per pound of ooal, due to the 
ivr^ular average during the trip. 

The consumption of coal per car mile is less on the down trips, on 
CMCount of the larger average number of cars. 

Comparing these experiments with Nos. 44 to 63, with the double 
xiossle 3|- inches in diameter, we have for the up trips a similar evap- 
oration, while on the down trips it is 3 per cent, less in those with 
'Ae single nozzle. 

The difference in the size of the trains is very great, especially on 
the down trip. 

If the trains with the double nozzle had been as large as with the 
single one, the amount of water evaporated per pound of coal would 
have been much less. 

As a proof of this effect with large trains, we have only to compare 
experiments Nos. 44 to 63 with Nos. 64 to 77. Though the trains 
in the later experiments are not much larger, yet we have a lower 
evaporation of 5 per cent, in water per pound of coal. 

Comparing these experiments, taken under more favorable condi- 
tions — new smoke stack, wheels turned up, and valves faced — ^with 
those with the single nozzle, we find the latter to give better results 
by about 4 per cent., although with heavier trains. 

The evaporation per pound of coal is much the same with the two 
forms of nozzle with light trains of about 15 cars. With heavy 
trains of 30 to 45 cars the evaporation with the single nozzle is much 
superior — I would say at least 15 per cent. This is not satisfactorily 
proved in these experiments, as the trains were not heavy, and the 
average number of cars hauled during the trip very irregular. 

The single nozzle has a much milder effect on the fire, especially 
when pulling on grades and in heavy switching. The draught seems to 
be more constant, the air passing through the bars in a steady stream, 
and not with a succession of blasts as in the double form. The coal 
on the bars is less agitated with the single nozzle, and much less fire 
or red hot coke is thrown from the stack. The vacuum in the smoke 

10 
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box is more constant, as shown by the oscillation of the water in the 
vacuum gauge. 

In the double nozzle the steam is not discharged directly under or 
concentric with the smoke stack, but on one side of it. Since this 
steam, being discharged at an angle of about 9 degrees, would not 
strike within the base of the stack, a petticoat pipe is required to 
convey it to the center. This discharge is not so effectual as that of 
the single form, which is directly under and concentric with the 
chimney. 




•^ ^ay 8-// -.J. — rjj 




Smoke Staeh XSntfine No, 4, 

Used in experiments from Nos. 64 to 95. 

In this we have the secret of the larger size of the single nozsle. 
A 4^ inch single being equal to two nozzles of ^ inches, or rather 
to one, as the discharge from each cylinder is independent of and 
does not occur at the same time as that of the other. 

The steam from the single nozzle fills the stack like a plunger, 
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effeotnally driving out all tlie smoke or gases. The gases from all 
patta of the smoke box rush with equal force to fill the higher 
Taeuuia formed in the stack, and the *' steam plunger," working in 
quiek succession, maintains constant this equal flow of the gases. 

Not so with the double noazle ; the steam striking with more force 
on one aide of tlie petticoat pipe is thrown to the opposite side of the 
stack, losing its force and not so efiectually driving out the gases. 
Here the vacuum within the petticoat pipe is much higher than that 
outside, and concentrates the draught at the lower part of the smoke 
box, and the fire is worked much more through the lower row of 
tubes and more fire thrown from the stack. 

The gases do not flow to the stack in a constant stream, there being 
a comparative lull in the flow between each discharge. 

This jerking or inconstant action of the double nozzle is visible 
n the fire box, the fire being much agitated by the force of the 
blast, the coal on the bars rising and falling with each discharge. 

To allow for this lull, caused by the inferior discharge of the steam, 
the double nozzle must be made much smaller than the single one. 
The vacuum is much higher during the discharge, which causes the 
violent oscillation of the water in the gauge — the mean vacuum being 
muck higher than with the single form. 

It will now be seen why the petticoat pipe is so necessary with the 
double nozzle. 

In the single form the engine steams better without it, the vacuum 
being more constant and equal in all parts of the smoke box. The 
firictien of the steam on a larger volume of gas, inducing a current 
and carrying it out with it, is no doubt the cause why the nozzle acts 
better without the pipe. A pipe of some kind is, however, necessary 
to clear the smoke box of cinders and keep the lower row of tubes 
dean. 

The single nozzle works the fire most under the door, lifting the 
small particles of coke and throwing them against the tube sheet. 
The use of a petticoat pipe a couple of inches above the surface of 
the brick in the smoke box, and firing most under the door obviates 
thiseviL 
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The d6able nozile irorks the fire most nnder the box next the 
tube sheet, and we find the best position of petticoat pipe to be from 
12 to 14 inches shove the bottom of box — 4 or 5 inobea above the 
brick — and 5 inches below the base of staok. The aao of the brick 
arch in both oases is of advantage. 

BBIOE ABOH. 

In comparing experimentB Nos. 37 to 43, without the brick arch, 
with experiments Nos. 44 to 63, with the arch, we find the econ- 
omy in evaporation attendii^ its nae to be about 4 per cent. 
The general average shows it to be greater, bnt the trains hauled 
without it were not bo Favorable — the up trains being smaller while 
the down traioB were much heavier. 

I would consider the economy stat«d to be about right, from ob- 
servation on other locomotives. 

The briok arch, fitting close to the tube sheet, helps to prevent 
oindere from being drawn into the smoke box, prevents the appear- 
aooe of smoke and enables the engine to steam better. It also 
lengthens the life of the beading on the cads of tubes in &ia fire 
box. 

As shown by the indicator the double is superior to the single 
form of nozzle for the exhaustion of the steam from the cylinder, 
while these experiments prove that the amount of water evaporated 
per pound of coal is much greater with the single form. 
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That 10: Baeli nozzle is, in something, superior to the other. 

The question then aiises, ean not we combine these two forms 
and obtain a nozzle that will give us the superior exhaust of the 
double nozzle with the superior evaporative qualities of the single 
one? 

This has been attempted — and, I think, accomplished — in what I 
have ealled the compound nozzle, shown in Sketch No. 4. 

When first tried the double nozzles were each 4^ inches and the 
mf^e nozzle 4 inches in diameter. The engine steamed remarkably 
well ; but, as shown in the indicator cards, the quality of the ex- 
haust was of the most inferior kind. 

The single nozzle was then enlarged to 4^ inches. This greatly 
improved the exhaust, and the engine steamed as well if not better 
than with the 4 inch nozzle. 

The ordinary petticoat pipe was used, reaching to within 1 inch 
of the briek on the back and to within 2 inches on the front 
side. 

With this nozzle the engine steamed better than with the single 
nozzle 4§ inches in diameter, and had a still milder effect on the 
fire. In fact, the steaming of the engine was perfect with light 
and with heavy trains. Little, if any, fire was thrown, even when 
taking a grade with a very heavy train. 

Two 3} inch mouth -pieces were then put in the double and a 
4^ inch one in the single orifice. The engine steamed well, but 
oot quite so well as before. 

The single nozzle was then enlarged to 6 inches. This im- 
proved steaming, which was quite as good as with the three 4^ 
ineh nozzles. 

This nozzle affected the fire in the same way as the 3^ inch 
double nozzle, agitating the coal on the grate and throwing more 
fire than the 4^ inch compound. 

The double nozzles were then enlarged to 4j^ inches, and the 
single one to 4f inches. The engine steamed well, but the ef- 
fect was that of the double nozzle, although no more fire was 
thrown than when all three were 4^ inches in diameter. 

The single nozzle was further increased to 5 inches. This was 
an improvement on the last, the engine steaming somewhat bet- 
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ter, bat the aetion of the blast was undoubtedl j that of the double 
nozzle. 

Why should two 4^ inch nozzles steam so mneh better in this 
ease than two 3^ ineh nozzles in the double form ? As stated, 
the action is decidedly that of the double form — a proof that the 
5 inch nozzle does not affect the quality of the blast ; simply that 
the 5 inch single nozzle acts as a speeies of convey pipe, eon- 
ducting the steam from the double nozzle to the center of the 
chimney. 

The 'single nozzle was further increased to 5} inches and 6 
inches, but these sizes proved too large — the engine did not steam 
well. 

The double nozzles were next increased to 4f inches, and the 
single to 5 inches; but this last, being found too large, was re- 
duced to 4f inches. The engine steamed well, but not so well 
as desirable. 

Three 4f inch nozzles would be about the right size, and as large 
as could be economieally used on this engine. 

We have fitted the compound nozzle — each of the three mouth- 
pieces being 4^ inches in diameter — on a number of freight engines 
haying cylinders 16^ by 24 inches and 18 by 24 inches. These en- 
gines had high double nozzles, varying in size from 3^ to 3f inches 
in diameter and 27 inches above the bottom of smoke box. 

In every case the engine steamed to perfection with the compound 
nozzle, and ^^ worked " the fire more evenly than with any other noz- 
zle tried. 

Since fitting up the engines with these nozzles we have not been 
troubled with any complaints about fires on the line of road, and all 
engines are using an open stack similar to sketch. The petticoat pipe 
in these engines was arranged similarly to that of No. 4 and the 
smoke box and lower row of tubes perfectly cleared of cinders. 

We found in No. 4, with the compound nozzle, that the smoke 
box was not cleared of cinders with the petticoat pipe within 2 
inches of the brick on the front. 

(In all engines the bottom of smoke box is laid with brick about 
8 to 10 inches deep at door and tapering to the bottom of lower row 
of tubes.) 
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On account of the slope of this brick bottom the back end of the 
petticoat pipe is several inches above the brick. 

If a sight hole be opened in the smoke box it will be seen that 
Uie cinders are drawn through the tubes with great force and are 
thrown against the smoke -box door, forming a pile which gradually 
slopes down to the tube sheet unless cleared out. 

To the back end of the petticoat pipe we fitted a piece of sheet 
iron extending half-way round and about one inch above the brick — 
the front part, as stated, being 2 inches high. This arrangement, 
concentrating the draught in the front part of smoke box, effectually 
clears out the cinders without unnecessarily drawing the lower tubes, 
which are also kept clear. 

No cinders, much less large, dangerous ones, are thrown out by 
the blast, exept through the petticoat pipe. If a piece of wire net- 
ting were placed in the petticoat pipe, to keep the large cinders in 
the smoke box, no fire would be thrown, under any conditions of 
train and speed. These large cinders would, by striking on the net- 
ting, become broken up and cooled before passing out. 

EXPEBIMENT8 WITH COMPOUND NOZZLES. 

Comparing experiments Nos. 78 to 95 with those of Nos. 64 to 77, 
taken under similar conditions, although with another driver and 
fireman, we find the compound nozzle to give superior results. The 
evaporation per pound of coal being over 6 per cent, greater with 
the compound, even with a heavier train, and the coal used per car 
mile about 15 per cent. less. 

The weather during the experiments with the compound nozzle 
was somewhat warmer, and no doubt the cars ran easier ; there was 
also less switching at stations, but no very correct account was kept 
of this service. 

The experiments with the compound nozzle are by no means sat- 
isfactory, and can hardly be compared with the previous ones. I re- 
gret that another change in the men running the engine prevented a 
continuance of the experiments, which promised to be so inter- 
esting. 

Our monthly ^^Consumption Sheet'' shows a remarkable decrease 
in the consumption of coal per car mile, not with one, but with all 
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the engines fitted with the compound nozzle — a decrease in the case 
of heavy trains of at least 15 per cent. 

BECAPITULATION. 

EXPEBIMENTS ON THE EYAPOBATION OF WATER PER POUND OF 
GOAL WITH DIFFERENT FORMS OF EXHAUST NOZZLE. 

The following remarks refer only to the evaporation of water per 
pound of coal, and have no reference to the value of the nozzle in 
the exhaustion of the steam from the cylinder. 

1. The single nozzle is much superior to the douhle nozzle, es- 
pecially with heavy trains, the evaporation of water per pound of 
coal being much greater. 

2. Less fire or burning coal is thrown from the stack with the sin- 
gle nozzle, the quality of the exhaust being better. 

3. The compound nozzle combines the advantages of both of these 
nozzles and is in every way superior to either. 

4. A petticoat or convey pipe is necessary with the double noz- 
zles to conduct the steam into the center of the stack. 

With the single form it is not necessary, but in some form is 
of advantage to keep the smoke box and lower tubes clear of 
cinders. 

5. The brick arch increases the steaming capabilities of the en- 
gine, assists in keeping cinders in the fire-box, prevents smoke, 
lengthens the life of tubes, and adds about 4 per cent, to the econ- 
omy of the locomotive. 

6. A decrease in the size of the smoke stack is a marked improve- 
ment, where the open pipe is used, its size depending, it is thought, 
on the form of the nozzle, whether single or double — a smaller stack 
being used to advantage with the single form. 

7. With the compound nozzle of the height and form shown, and 
with a netting in the bottom or middle of the petticoat pipe, no fire 
need be thrown under the most unfavorable circumstances of train 
and grade. 

8. By properly designing the grate bars, tapering them from, isay 
J or 1 inch at top to ^ inch at bottom, and giving the proper amount 
of opening between them, from ^ to f inch is considered sufficient 
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an coal — the air can enter with great facility, and larger 
en, than 4^ inches can be used. The size of stack influ- 
*e th^n any other detail, their diameter, 
plates decrease the facility of the air entering the fire- 
)dnce the diameter of the ezhanst nozzles. 
;h no experiments have been made with them, their nse is 
ered of great advantage in a freight engine, especially if 
e the size of the nozzle. 

h Chilian coal the fire door should be kept wide open, and 
,te is of advantage. This coal is highly gaseous, leaves 
id never cakes or clinkers. When the door is closed the 
ims better, but uses more coal and throws more fire, 
iardiff (Welsh) coal which was smokeless, the engine 
itter and worked more economically with th^ door nearly 
I'iring with Welsh coal had to be much heavier and pro- 
more air was required through the bars, 
e was thrown with the Welsh coal. With a heavy train 
»erior results to the Chilian coal, as shown in the sheet of 
ts. 

THE VAOUUM IN THE SMOKE BOX. 

experiments with the indicator, a definite value has been 

le distribution of the steam in the cylinder with di£Perent 

ozzle. 

I hardly be said of the experiments made to ascertain the 

^poration per pound of coal, there being so many causes 

igainst an exact conclusion. 

V proposed, with the assistance of the vacuum gauge, to 

lite value to the quality of the exhaust as affecting the 

[ evaporation of water. 

ich diagram was taken the vacuum in the smoke box was 

s face. These vacuums, from the first to the sixth notch, 

bh given. 

s taken with each form of nozzle are grouped together. 

pressure and number of revolutions are given, as they, 

irn the vacuum. Of course, all vacuums were taken with 

3 wide open. 
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nozzle, and the compound form of three 4^ inch nozzles — the results 
are most regular. 

The engine steamed well with all of these nozzles, with the ex* 
ception of the <$ompound 3^ inch double and 4^ inch single. 

The vaonnms with the 3^ inch low double nozzle are not very reg- 
ular, and will not be compared with the others. 

To still further facilitate comparison, I have introduced a con- 
densed diagram, showing the vacuums produced by t^e most favor- 
able sizes of the various forms used. It is drawn to the same scale 
of ^ inch to the inch. The lines at right angles to the base line 
represent a line drawn through the center of the circles in the first 
and sixth notches. See page 155. 
. The height on these lines from which the inclined lines are drawn 
is equal to the diameter of the circle in those notches ; otherwise, the 
height in inches of the vacuum. 

By raising the exhaust pipe from 12 to 27 inches above the hot- 
tom of smoke box we have reduced the vacuum in the sixth notch 
about 15 per cent. The difference is not so marked in the first 
notch. 

The single nozzle, 4f inches in diameter, has further reduced the 
vacuum 13 per cent, below that of the 3f inch high nozzle. 

The amount of fire thrown with these forms, notably the 4f inch 
single nozzle, is much less than with the 3^ inch low nozzles, the ac- 
tion of the blast being so much milder. 

As here shown, it is owing to the lower vacuum in the smoke box. 
The height and form* of the single nozzle having more influence on 
the air entering into the fire box, causing it to enter much more 
easily, and in a more constant stream. 

It will be noticed that the vacuum in the higher grades of expan- 
sion is greater with the single nozzle than with the other forms. I 
can not give the reason for this. 

The vacuum produced by the compound nozzle is still lower, that 
of the 4^ inch double and 5 inch single being 43 per cent, lower 
than the 3^ inch low double nozzle. 

It will be noticed that the compound nozzle 4^ inch double and 4 
inch single gives a very much lower vacuum than the 4 inch single, 
and it has also been shown to be slightly superior in the distribution 
of the steam in the cvHnder. 
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It will be ftutlier notieed diat the YBcaum produced with the 3^ 
inch double aod 4^ inch single, and with the single increased to 6 
inehee is about 25 per eent leas than that produced by the Sj^ inch 
low noisleSi although the engine steamed much better with the com- 
pound form. 

This is a very remarkable result of the combination of the two 
forms. 

The vacuum produced by the compound nosile 4^ inch double and 
^ inch single is the same as with 4^ inch double and 5 inch single. 
A result that might be expected, as it acted the same as double nos- 
lies in each case. 

Not only does the lower vacuum in the smoke box keep the cin- 
ders in the fire box, but it lowers the temperature of the gases in 
the smoke box. On several occasions this temperature was 1,000 
d^ees to 1,100 degrees Fahrenheit, on a grade, with a train of 40 
to 45 loaded oars, and with high double nosiles 3^ inches in 
diameter. 

With the compound noizle this fell to 800 degrees Fahrenheit, 
with a train of 42 cars on the same grade. 

This is, of course, the reason why more water is evaporated per 
pound of coal with the nozzles that give the lowest and most constant 
vacuum. 

It is in the fifth and sixth notches that the difference in the 
vacuum produced by different nozzles is greatest, and for this reason 
that the higher evaporation per pound of coal with the compound 
nozzle is most marked in those notches. 

Although the vacuum with the 4j^ inch double and 5 inch single 
compound nozzle is much lower than where the nozzles are each 4^ 
inches in diameter, the quality of the exhaust is superior in the 
latter, the action or effect being that of the single nozzle, while the 
first is that of the double form. Little if any more cinders are 
thrown with the smaller size, owing to this superior draught. 

With the 4^ inch double and 5 inch single compound nozzle, the 
engine banked her fire next the tube sheet — that is, the coal or 
coke was lifted next the door and carried forward, falling against the 
tube sheet. This is undoubtedly caused by the single nozzle making 
a higher vacuum in the upper part of the smoke box, and affecting 



158 

the draught most through the upper rows of tubes, which act ou the 
fire next the door. 

This might be corrected by the use of a diaphram plate extending 
from the top to the middle of the tube sheet, or lower, or by some 
other such plan which, by increasing the draught through the lower 
tubes, would work the fire more evenly. 

I have not sufficiently experimented with this compound nozzle. 
What has been done and said about its action shows that, to avoid 
throwing cinders, we must have a low and equalVacuum in all parts 
of the smoke box, which will then draw the supply of necessary air 
through all parts of the grate alike, causing a constant and mild 
draught. 

RECAPITULATION. 

1. The single nozzle gives a much lower vacuum in the smoke box 
than the double form, the engine steaming better with the single 
form. 

2. The compound gives a still lower vacuum than the single 
nozzle, and with still better steaming power. 

3. The compound nozzle in any of the forms tried produces a very 
much lower vacuum in the smoke box than the 3^ inch double 
nozzle. 

4. Although a low vacuum in the smoke box is required to 
prevent cinders from being thrown, yet to obtain a maximum effect 
this vacuum must be a constant one, and not be the means of a suc- 
cession of high and low vacuums. 

Vacuum in Smoke Bogo. 

Condensed diagram, showing relative vacuums produced by nozzles of equal steaming 
capacity, from first to sixth notch, with a boiler pressure of X35 pounds, and a speed m 
Z40 revolutions per minute, or 23 miles an hour. 



GENERAL RECAPITULATION. 

As a general recapitulation, we may state that it has been proved 
that the English nozzle, when it can be made of a large size, ii 
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superior to the American form, being more economical and throwing 
less fire. 

That the '^ compound nozzle/* or combination of the two forms, not 
only unites the good qualities of both in one, but gives a lower 
vacuum and higher evaporation than the English, and a more perfect 
exhaust than the American form. 

That it is possible to prevent locomotives from throwing fire with- 
out using nettings and other obstructions to the draught — all that is 
required being proper attention to the details governing the free 
access of air to the fire, and those governing the size of the exhaust 
nozzle, working with a high boiler pressure and using the steam 

very expansively. 

JOHN E. MARTIN. 

On motion, the report was received. 

Mr. Woodcock, Central Bailroad of New Jersey — Mr. President, I have 
failed to make sach a report to this Convention upon the performance of 
locomotives as I would like; but I believe railroad companies are looking to 
this Association for something of this character. I think all members should 
send in statistics, so that we may have some data for comparison. We want 
to know whetiier the Mogul or the Consolidated engine will perform more 
work than the ordinary eight-wheel engine, and we want the statistics from 
parties using these engines, giving us the margin per ton per car hauled in 
their favor. The time is coming when railroad managers will look to this 
Association for reliable information in this matter, and I hope the members 
will give it more attention. 

Mr. Hayes, Illinois Central Bailroad — Mr. President, I would move that 
this Committee be appointed for another year, and, if necessary, add more 
members to it. 

Mr. Woodcock, Central Bailroad of New Jersey — Mr. President, I think 
the Committee should be continued another year. 

Mr. JoHANN, Wabash Bailroad — Mr. President, I do not think any thing 
will be gained by adding more members to the Committee. The thing to do 
to help the Committee is for the members to answer the circulars. I think if 
the members would report the performance of their engines, etc., to the Com-* 
mittee in the proper form we would get all the information necessary. 

Mr. Hayes, Illinois Central Bailroad — Did Mr. Johann reply to the cir- 
cular ? 

Mr. JoHANN, Wabash Bailroad — Yes, sir ; I replied to Mr. Woodcock, 
saying that I had no iurther information to give than what I had already 
given other committees published in previous reports. That is more than 
some members did. 

Mr. Hayes, Illinois Central Bailroad — It is not more than I did. I sent 
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the Committee the performance of our engines from the time I was connected 
with the road, and gave all the information I could. 

Mr. JoHAKK, Wabash Railroad — ^That is just exactly what I did, only I 
sent mj statement to another committee some time ago. I think it would be 
well to continue the Committee, and probably tbej may have better success 
the coming year. 

The Pbesident — ^I would like to say to the members that it requires a 
great deal of labor for a committee to get up a circular and send to each 
member for information, and it is very discouraging to receive no reply to it. 
I hope the members will bear this in mind, and reply to the Committee 
circulars in future. 

Mr. Woodcock, Central Bailroad of New Jersey — Mr. President, I would 
remark that it does not require a great deal of work to reply to our cir- 
culars. All the members have to do is simply to state what work their 
Mogul or Consolidated engine has done. We want to make a comparison 
from the replies received, and we can not make that comparison unless we 
get this information from each member. 

Mr. Spbague, Porter, Bell & Co. — Mr. President, the Baltimore & Ohio, 
Erie, New York Central, and Pennsylvania are using these heavy engines to 
a greater extent than any other roads, but it seems impossible for us to get 
information as to their experience, as they are not actively represented in 
this Association. 

Mr. JoHANK, Wabash Bailroad — Mr. President, it will be very hard for 
us to get exact information in regard to this matter unless we lay down some 
general rule. I have received performance sheets showing 50, 60, and some 
as high as 70 miles to the ton of coal. It is impossible for me to do that 
and do any work. I do not think my engines can do any more than any 
other engines that are in the same service ; they run about 40 miles to the 
ton of coal. On some reports the engines only show 22 miles to the ton of 
coal, and I think that that engine has done more work with better economy 
for the company than some engines that show 80 miles to the ton of coal. 

Mr. Black, Dayton and Michigan Bailroad — Mr. President, if the motion 
of Mr. Hayes to continue the Committee has not been seconded, I now sec- 
ond it. 

The Pbesidekt — ^I would like Mr. Hayes to say what his, motion is. 

Mr. Hates, Illinois Central Bailroad — My motion was that the Committee 
be continued for another year. 

Motion carried. 

Mr. Woodcock, Central Bailroad of New Jersey — Mr. President, I would 
like to call the attention of the members to the tests conducted by Mr. 
John E. Martin, in South America, upon which he has spent a great 
deal of lime and labor, and which is worthy the attention of the members. 
You will notice by referring to our previous reports that he has taken a 
great deal of interest in the Association, and has kindly furnished as with 
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fall reports of the experiments he has made, and the Committee would like 
them printed in our report. 

The Pbesident — Motion is made and seconded that the papers and 
reports of Mr. Martin be received and printed in our Annual Beport. 

Motion carried. 

The Pbesident — ^Is there any thing further on the Secretary's table? 

The Secbetabt — Nothing., 

The PBESiDENT-^The next business in order is the election of officers. 
The Constitution, Art. II, provides that the officers of the 'Association shall 
be a President, First and Second Vice-Presidents, Secretary and Treasurer. 
The above named officers to be elected separately by ballot at a regular 
meeting, and a majority of all votes cast shall be necessary to a choice. 

Mr. WioGiNS, Houston, East <& West Texas Bailroad — I move that we 
postpone the election of officers for one year. 

Mr. Black, Dayton & Michigan Bailroad — I second the motion. 

Mr. Johann, Wabash Bailroad — I beg to dissent from that motion. It 
will be much more creditable to the President and other officers of the Asso- 
ciation if we go into an election, and I move to amend that we noiPgo into 
an election for officers. 

Mr. Setchel, Little Miami Bailroad — I second that motion. 

The Pbesident — Mr. Wiggins, will you accept the amendment? 

Mr. Wiggins, Houston, East & West Texas Bailroad— I would like to 
have my motion put. 

The Pbesident — The first thing then will be on the amendment. 

Mr. Johann, Wabash Bailroad — Mr. President, I would like to say to Mr. 
Wiggins that I hope he will withdraw his motion, and allow us to go into an 
election for officers for the ensuing year. 

Mr. Wiggins, Houston, East & West Texas Bailroad— I think my motion 
will save time. 

The Pbesident — The question is on the original motion that we post- 
pone the election of officers for one year. I would like to say a few words 
before that motion is put and before an election is proceeded with. I should 
like the Association to choose some other man for President who, perhaps, 
can fill the office more creditably than I can. I have been an officer of the 
Association ever since it started, and I would much rather you would choose 
some one in my place. I do not believe in holding an office a life-time, as 
I said in my address. 

Mr. Hayes, Illinois Central Bailroad— Mr. President, that is my case. I 
have held the office of Treasurer ever since the organization of the Associa- 
tion, which is now eleven years, and I would rather you would choose some 
younger man than me for the position. 

Mr. Wells, Jefiersonville, Madison <& Indianapolis Bailroad— Mr. Presi- 
dent, I would also be very much gratified if the Convention will select some 
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other man in my place. I think rotation in office is a yerj good thing, and 
one year is long enough for any man to hold office. 

The Secretaby — Mr. President, it has been suggested that nominations 
be made for the different officers. I hope this will not be done. I do not 
want to place any members in the position of being obliged to vote contrary 
to what they think will be for the best interest of the Association. The 
Constitution does not require that any nominations be made, but it snys that 
officers of the Association shall consist of a President, First and Second Vice- 
Presidents, Secretary and Treasurer, and I think they should be balloted for 
in such a manner as to allow every member to be entirely free to vote for the 
man he thinks best capable of filling the office without beins; trameiled by a 
nomination. Suppose there is a half dozen candidates on the first ballot for 
the same office. It will indicate at once the desire of the Association, and 
the next time the vote will be concentrated upon the man who has the 
highest number of votes, and it will give freedom in this matter which we have 
not had for a long time. I had been thinking of introducing a resolution 
excluding from our Constitution that rule which allows postponement of 
elections, for the reason thai in talking with some of the members they 
seemed tp think tiiat it was a bad feature of our Constitution. A postpone- 
ment unanimously voted for would seem to carry the idea that the officers 
were the ones desired. Still, under certain circumstances, perhaps some man 
would be elected that the members did not want, and yet they would feel 
diffident about making any opposition. Having been your Secretary for the 
past eight years, I will say to you now that I will only be too glad to sur- 
render my office. But I wish to say to the Convention, if it is your desire I 
will serve the Association to the best of my ability; but if you want me to 
be your Secretary you must elect me by ballot. 

Mr. Sprague, Porter, Bell & Co. — Mr. President, I wish to say that I do 
not think there is any feeling of dissatisfaction among the members with 
our present officers, but I agree with our Secretary that members feel a deli- 
cacy in getting up in open Convention and expressing a preference for or 
against any one member. I think, as we have not had an election for some 
time, we should not postpone this election now. If we choose we can elect 
the same members, but let it be done by ballot, so we can have entire free- 
dom in our choice of officers. 

Mr. Hayes, Illinois Central Kailroad — Mr. President, I also agree with 
Mr. Setchel and ray friend Mr. Sprague. I think every one should be free 
to vote for whom he may think best adapted to the interests of the Associa- 
tion, an.d this can better be done by ballot. Members feel a delicacy in get- 
ting up in Convention and opposing postponement of an election, and it does 
not leave every man free to vote just as he pleases. 

Mr. Wiggins then withdrew his motion. 

The President — It has been our custom to make nominations for the 
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yarious offices, but the Constitution does not require it. I will appoint for 
tellers in this election Mr. Wells and Mr. Young. Gentlemen will please 
prepare their ballots to vote for President of the Association. 

Thb Secretaby — Mr. President, there have been 63 votes cast: Mr. 
Chapman received 32, Mr. Wells 10, Mr. Johann 5, Mr. Hayes 3, and Mr. 
Sedgley 3. 

Mr. Wells, Jefferson ville, Madison & Indianapolis Kailroad — Mr. Presi- 
dent, Mr. Chapman is therefore elected. 

Mr. Hayes, Illinois Central Bailroad — Mr. President, if it ia in order, I 
would move to make the vote unanimous. 

Motion carried. 

Mr. Chapman — Gentlemen, I appreciate the honor conferred upon 
me, although I would much rather you had elected some one else to 
fill the position; but, as I said in my address, I have held the of- 
fice of First Vice-President or President ever since the organization of our 
Association, and 1 consider it due the Association that some other mem- 
ber should have an opportunity to fill the position ; but as you have elected 
me, I will try to serve you to the best of my ability, trusting that at the 
next meeting of the Association you will see fit to elect some other man for 
President. Thanking you, gentlemen, for the courtesy extended, I am yours 
for another year. 

Mr. Hayes, Illinois Central Railroad — Mr. President, I move that we 
now go into an election for First Vice-President. 

Motion carried, with the following result : 

The Secretaby— Mr. President, 53 votes have been cast, of which Mr. 
Wells has received 40, Mr. Hayes 6, Mr. Sedgley 4, Mr. Johann 2, and Mr. 
Lauder 1. 

The President— I have the pleasure of announcing that Mr. Wells has 
been elected First Vice-President of the Association for the ensuing year. 

Mr. Wells— Gentlemen, I thank you for the compliment you have paid 
me, bqt I would much rather you had elected some one else — ooe who could 
fill the position of First Vice-President with much more credit and to bet- 
ter advantage than I. But, as you have seen proper to elect me, I will do 
all I can to advance the interesu and usefulness of this Association. Again 
thanking you for the compliment, I yield to the regular business. 

The President— The next business in order is the election of Second 
Vice-President. I will state to the Association, before this ballot is taken, 
the reason why Mr, Lauder, who was elected Second Vice-President at St. 
Louis, is not present. I received a letter from him about two weeks ago 
atating that he would arrive in Cincinnati on last Saturday, but I received 
another letter later saying that it would be impossible for him to be here at 
all, on account of the dangerous illness of his daughter, who ia not expected 
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to liye from one hoar to another. I make this statement that it may be un- 
derstood why he is not with us. 

The Yote was then taken. 

Ths Secbetabt — ^There have been 52 votes cast, of which Mr. Lander 
received 31, Mr. Sedglej 7, Mr. Flynn 5, Mr. Hayes 5, Mr. Setchel 3, and 
Mr. Johann 1. 

The Pbesident — Gentlemen, I have the pleasure of announcing^ to you 
that Mr. Lauder has been elected Second Vice-President of this Association 
for the ensuing year. I am very sorry he is not here to acknowledge his 
election for himself. Qentlemen will please prepare their ballots for the of- 
fice of Secretary. 

Vote taken, with the following result : 

The Secbetaby — There have been 54 votes cast, of which Mr. Setchel 
received 51, Mr. Miles 1, Mr. Hayes 1, and Mr. Johann 1. 

The President — I have the pleasure to announce that Mr. Setchel has 
been elected Secretary of this Association for another year. 

Mb. Setchel — Mr. President and Gentlemen, I have been Secretary of 
this Association for the past eight years, and in the adminbtration of the 
business affairs of this o£Sce I have always endeavored to give no reasonable 
grounds for complaint, and this large vote which I have just received on my 
re-election has satisfied me that I have been measureably successful, and in 
my future duties, as in the past, I shall endeavor to do all I can for the in- 
terests and advancement of the Master Mechanics' Association. Gentlemen, 
please accept my thanks for this kind appreciation of my services. 

The Pbesident — ^The next business in order will be the election of a 
Treasurer. 

Vote taken, with the following result: 

The Secbetabt — Mr. President, there have been 51 votes cast, of which 
Mr. Hayes received 48, Mr. Flynn 2, and Mr. Sedgley 1. 

The Pbesident — Gentlemen, I have the pleasure of announcing that Mr. 
Hayes has been elected Treasurer of this Association for the coming year. 

Mr. Hayes — Mr. President and Gentlemen, I had hoped that some 
younger man would be elected as your Treasurer, but as you have deemed it 
proper to confer the honor upon me, I will endeavor to serve yon as well as 
I have done in the past ten years. 

The Pbesident — Gentlemen, the hour for adjournment has arrived, but 
as there is probably an hour and a half required for further business of the 
Association, I would suggest that we adjourn for dinner, and then meet and 
finish our business. Will some one make a motion to that e£Gect? 

Mr. Hayes, Illinois Central Bailroad — I move we now adjouni to meet 
again at hall-past 3 o'clock. 

The Pbesident — Before putting the motion I wish to urge the importance 
of the members all being here promptly at the hour named. 

Motion was then carried. 
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THIRD DAY, AFTERNOON SESSION. 

Prerident Chapmak in the CSuLir. 

Ths Prebideht — ^The next bosiiieaB in order will be the report on the 
place of holding oar next Annoml Meeting. The report of the Committee is 
in the hmnds of the Secretarj, who will please read it. 

Report oa Place of Meeting. 

Ta ike Amerieim BaSwrnf Maaier MeAamid AuoeUitiofi: 

Gentlemen-^ Your Committee upon the next place of meeting 
would suggest the following cities as probably being the most con- 
venient for a majority of the members: 

New York Cktj and Cleveland, Ohio. 

Very reBpectfuUj, 

J. DAVIS BARNETT, ) 

JNO. F. DEVINE, V Gmmiiiee. 

JNO. SWIFT, J 

The Prebideht — Yoa have heard the report of yoor Committee, gentle- 
men, what is yoor pleasure in regard to it? 

Mr. M11.E8, of Philadelphia — Mr. President, I move that Niagara Falls 
be added to the UsL 

Mr. JoHASV, Wabash Railroad— Mr. President, I wish to say that I 
rather feel disposed to make a permanent settlement of this question of meet- 
ing. I mention it for the reason that I do not suppose all members think 
as I do about haTing a permanent place of meeting, and I would like all of 
you to consider the matter. I do not think it helps the Association any to 
run around from one place to another, and for my part no place would suit 
me better for a permanent place of meeting than Cincinnati, as it is centrally 
located and easy to readi from all points, and I have spoken of it in priTste 
couTersation with members for several years. If we should decide to have 
a permanent place of meeting we could secure a hall or rooms where we 
could keep our records and other property. I merely make this suggestion 
for the consdieration of the members, but I hope we will take some positiTC 
action upon the question before many years. 

Mr. Miles' motion was carried. 

The Presedeht — ^The Secretary will please add Niagara Falls to the re- 
port. It has been suggested that we ballot, as it requires a majority of all 
▼otes to select the place. You will, therefore, prepare you ballots. 

Vote taken, with the following result: 

The Seceetajit — Mr. President, 38 yotes have been cast, as follows : 
Cleyelaad 19, Niagara Falls 9, Washington 1, Ondnnati 1, New York 19. 
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The Pbesidei^t — There being no choice, it will be necessary for another 
ballot. You will please prepare your ballots for another yote. 

The Segbetart — Mr. President, 49 yotes have been cast: New York 23> 
Cleyeland 21, and Niagara Falls 5. 

The President — Gentlemen, yon will please prepare yonr ballots again. 

The Secretary — Mr. President, 61 votes have been cast, of which Cleve- 
land received 28, New York 21, and Niagara Falls 2. 

The President — I have to announce to yon, gentlemen, that Cleveland 
has been selected as the place for our next Annual Meeting. 

Mr. JoHANN, Wabash Bailroad — Mr. President, now that Cleveland has 
been selected, I wish to say a word in regard to what I spoke of a few mo- 
ments ago about our having a permanent place of meeting. I hope all the 
members will take it into careful consideration during the coming year, and 
discuss the question of selecting a permanent place of meeting at oar next 
Convention in Cleveland. I think you will find either Cleveland or Cincin- 
nati the best location, but as Cleveland is the place where the first meeting 
of our organization was held, it may be the proper place to hold all others. 
I hope the members will come prepared next year to decide this question. 

Mr. Lilly, of Indianapolis — Mr. President, I have taken some interest in 
the remarks of Mr. Johann. Some one said that this Association could not 
raise or afford to keep a hall. Now, it seems to me that if members of influ- 
ence should go to work they could get up a fund in Cincinnati, Cleveland, 
Louisville, Chicago, or other places competing for the permanent location of 
this Association, su£Scient for our purpose. We have some instruments, and 
I think it will not be long before we have more such, and we will require a 
place to keep them. We have a dynamometer, but we need a microscope 
and other instruments for the purpose of testing oils and other matters that 
enter into the operation of railroads. To make experiments successful and 
reliat^le you must have the prbper tools to do it with, and then we want a 
place to keep them. Now, if you will appoint Mr. Setchel on a committee 
to solicit contributions here in Cincinnati, and another member to see what 
he could raise in some other place, I have no doubt that you would find 
sufficient funds could be raised to make it an inducement to locate here, and 
erect a building that we would not be ashamed of. 

The President — ^The next business in order is the report of the Com- 
mittee on Subjects for Consideration for the next year. The report is in the 
hands of the Secretary, who will please read it. 

Subjects for Discussion at Next Annual Convention of 1880. 

To the American Bailway Master Mechanics^ Aasoeiation : 

Gentlemen : Your Committee appointed to select Subjects for 
Discussion at the next Annual Meeting, beg leave to suggest the fal- 
lowing : 
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1. Continuation of Boiler Improvements. 

2. Comparative Performance of Locomotives, with regard chiefly 
to the Economy in their Performance. 

3. The best means of Preventing Smoke from Locomotives, with 
due Economy in Fuel. 

4. The best means of Preventing Noise from Safety Valves, and 
maintain the Safety of Boilers. 

5. Shop Tools and Machinery for facilitating Repairs of Locomo- 

JOHN ORTTON, 
JACOB JOHANN, 
WM. FULLER, 
J. F. DEVINE, 
GEO. RICHARDS, 



• Committee. 



The Pbesident — ^You have heard the report of your Committee, what 
action will jou take upon it ? 

On motion, the report was received. 

Mr. SeDQLET, Lake Shore & Michigan Sonthern Railroad — Mr. President, 
It has been onr custom to vole an appropriation to our worthy Secretary, 
sod I now move that his compensation for tbe past year be $600. 

Mr. Hates, Illinois Central Railroad — ^I second the motion. 

Motion carried. 

Mr. MniKB, of Philadelphia — Mr. President, I rise to make a motion in 
wliiefa I know all the members will concur, and it is a happy privilege to 
BOW ofier a resolution of thanks of this Association to our officers, beginning 
with the President and coming down to the Committees appointed to report 
oa the varioos subjects. 

The Pe^ideht — Mr. Miles will please put his motion. 

Motioo carried. 

Pbesident — The next business in order is unfinished business. 
any one know of any unfinished business to come up before this Asso- 
? Is there any thing in the hands of the Secretary 7 
Sbcbetabt — ^The Committee on Resolutions are ready to report. 

The President — ^The Secretary will read the reporL 




BaUway MoMter Meehanict^ Anoetaiion: 
— Your Committee appointed to draft resolutions re- 
heg leave to offer the following : 

The Rev. D. F. Harris, of the Columbia Congre- 
Clmivhy kindly met with us and pffered prayer for Divine 
noB tbe deliberations of this our Twelfth Annual Meeting ; 
Colonel L. M. Dayton, on the part of the oity, ex- 
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tended a generous welcome, numerous hospitalities, and the presenta- 
tion of a magnificent locomotive of flowers, whose beauty is only 
excelled by the art displayed in its construction ; 

Whereas, Mr. Lewis Williams, General Manager of the Cincinnati, 
Hamilton & Dayton and the Cleveland, Columbus, Cincinnati & 
Indianapolis Railroads, has kindly tendered us a special train to visit 
Dayton and the Soldiers* Home ; 

Whereas, The Cincinnati Chamber of Commerce has honored the 
Association with an invitation to accept the privilege of the floor of 
that body ; 

Whereas, The Cincinnati Southern Eailway, through its Presi- 
dent, has extended an invitation to visit the great Kentucky River 
Bridge and other points ; 

Whereas, Colonel Gilmore & Sons, proprietors of the Grand 
Hotel, have been unremitting in their attentions to us as guests of 
their house, and have endeavored in every way to contribute to our 
comfort, and render our visit to this city one long to be remembered ; 
and, 

Whereas, The press of this city have given our Association due 
attention, and fairly reported our proceedings, 

Be it therefore resolved^ That the thanks of this Association are 
due, and are hereby tendered to, each and all the above named 
parties. 

Very respectfully, 

JAMES SEDGLEY, 1 

H. N. SPRAGUE, } Committee. 

W. O. HEWITT, J 

The President — There was a Committee appointed to draw op suitabler 
memorials giving expression of the feelings of this Association upon the 
death of Mr. J. B. Morse. This Committee can either do it here or for-: 
ward it to the Secretary at their leisure. 

Mr. Black, Dayton & Michigan Railroad — ^Mr. President, I move a copy 
of that resolution be forwarded to the family of the deceased. 

The President — ^That was included in the original motion. Is there 
any further business? If not, adjournment will be in order. 

Mr. Johann, Wabash Railroad — Mr. President, I move we now adjourn 
to meet in Cleveland on the second Tuesday in May, 1880. 

Thb President — Gentlemen, a motion is made and seconded that we now 
adjourn to meet in Cleveland on the second Tuesday in May, 1880. I want 
to say, before I put the motion, that I thank you all for the kind attentiod 
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you haye giyen to the businem of this meetini^, and I feel grateful to you for 
the leniency that you have shown and all kindness extended, and I hope 
that we may all meet in Cleveland next year and eigoy as pleasant and har- 
monious a time as we have had here at Cincinnati. 

The motion to adjourn was carried. 

J. H. SETCHEL, Secretary, 



y 
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Committees and Subjects for Discussion at the Next 

Annual Meeting. 



1. 
Construction of Looomotive Boilers-— Continued. 

B. WELLS, Jeffersonville, Madison & Indianapolis ; 
S. J. HAYES, Illinois Central ; 

C. B. PEDDLE, Terre Haute & Indianapolis ; 
JACOB JOHANN, Wabash; 

JAMES ECKFOBD, Cincinnati, Hamilton & Dajton. 



2. 



Comparative Performance of Locomotives with Begard 
Chiefly to Economy in their Operations. 

W.. WOODCOCK, Central of New Jersey ; 

S. A. HODGMAN, Philadelphia, Wilmington & Baltimore ; 

JOHN E. MABTIN, Chilian, Concepcion & Talcahaanao. 

3. 

The Best Means of Preventing Smoke firom Locomotives 

with Due Economy in FueL 

E. T. JEFFEBY, Illinois Central ; 

H. A. TOWNE, Northern Pacific ; 

SANFOBD KEELEB, Flist A Peie liaiqttetto. 
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4. 



B68t Mjoub of PjreveDtiiis WnMB fttm Siltoty Villi es and. 

Minrtrtii SiMy of Boileis. 

G£DBGE RICHARDS, Boilfla A Pkviidawe; 
,^DWARD FRY, Philadelphia A Erie; 

W. F. TURREFF, ClerelaBd, Tn. VrnUcy A 



J. DAVIS BARXETT,Gnad Tmk; 

fl. GL BROOKS^ Bfooks LocxMBodre Wotb. 

D. A. WIGHTlLUSr, Fittdms^ tonmadw WoAi. 



of Boslon Fund, Frmtiiig md Oenerml 



R. WELLS, Jc&n90TiIle, IfadiMi A bdinspolk ; 
J. S. LAUDER» SoftWrm Se« Haapihiie; 
& J. HATES, miBoif Coml; 

J. H. SETCHEL. little 



y. E. CHAPMAS, Clevelauid A Pilttbnish; 
JAMES SEDGLET, Lake Shore A 

W. F. TURREFF, defdai^TW. TaB^ A 



/ 
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CONSTITUTION. 

AS AMENDED AT THE SIXTH ANNUAL MEETING, BALTI- 
MORE, MAY 18, 1878. 



PREAMBLE. 



We, the nnderaigDed Railway Master Mechanics, believe that the interests 
of the Companies by whom we are employed may be advanced by the or- 
ganization of an association which shall enable os to exchange information 
upon the many important qaestions connected with our business. To this 
end do we establish the following 

CONSTITUTION. 

ARTICLE I. 

Section 1. The name and style of this Association shall be the Amebi- 
OAN Railway Master Mechanics' Associatiok. 

ARTICLE II. 

Sec. 1. The officers of the Association shall be a President, a First and 
Second Vice-President, a Secretary, and a Treasurer. 

Sec. 2. The above-named officers shall be elected separately, by ballot, 
at a regular meeting, and a majority of all votes cast shall be necessary to a 
choice. 

Sec. 3. The officers shall be elected for a term of one year, but in the 
event of the election being postponed shall continue in office until their 
successors shall be elected. 

Sec. 4. Two tellers shall be appointed by the President to conduct the 
election and report the result. 

ARTICLE HL 

Sec. 1. It shall be the duty of the President to preside in the usual man- 
ner at all the meetings of the Association, and approve all bills against the 
Association for payment by the Treasurer. 

Sec. 2. It shall be the duty of the Vice-Presidents, according to rank, to 
perform the duties of the President in his absence from the meetings of the 
Association. 
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Sbc. 3. In case of the abBence of both President and Vice-Presidents, 
the members present shall elect a President 'pro tempore. 

Sec. 4. It shall be the duty of the Secretary to keep a full and correct 
record of all transactions at the meetings of the Association ; to keep a record 
of the names and places of residence of all members of the Association, and 
the name of the road they each represent ; to receive and keep an account of 
all money paid to the Association, and at the close of each meeting deliver 
the same to the Treasurer, taking his receipt for the amount ; to receive from 
the Treasurer all paid bills, giving him a receipted statement of the same. 

Sec. 5. It shall be the duty of the Treasurer to receive all money from 
the Secretary belonging to the Association ; to receive all bills against the 
Association, and pay the same, after having the approval of the President ; 
to deliver all paid bills to the Secretary at the close of each meeting, taking 
a receipted statement of the same ; to keep an accurate book account of all 
transactions pertaining to his office. 

ARTICLE IV. 

Sec. 1. The following persons may become members of the Association 
by signing the Constitution, or authorizing the President or Secretary of the 
Association to sign for them, and pay the initiation fee of one dollar : Any 
person haying charge of the Mechanical Department of a Railway known as 
^^Superintendents,'' or ^' Master Mechanics," or "(general Foremen," the 
names of the latter being presented by their superior officers for membership, 
also two Mechanical Engineers or the representative of each Locomotive 
Establishment in America. 

Sec. 2. Civil and Mechanical Engineers, and others whose qualifications 
and experience might be valuable to the Association, may become Associate 
Members by being recommended by three active members. Their names 
shall then be referred to a committee, which shall report to the Association 
on their fitness for such membership. Applicants to be elected by ballot at 
any regular meeting of the Association, and five dissenting votes shall reject. 
The number of Associate Members shall not exceed twenty. Associate Mem- 
bers shall be entitled to all the privileges of active members excepting thai 
of voting. 

Sec. 3. Any person who has been or may be duly qualified, and signs, or 
causes to be signed, the Constitution, as member of the Association, remains 
as such until his resignation may be voluntarily tendered. 

Sec. 4. All members of the Association will be liable for such dues as 
may be necessary to assess to defray the expenses of the Association, and any 
member who shall be two years in arrears for annual dues shall have his 
name stricken from the roll, and be duly notified of the same by the Secretary. 

ARTICLE V. 

Sec. 1. The regular meeting of the Association shall be held annually 
on the second Tuesday in May. 
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Sec. 2. Regular meetings shall be held at such place as may be deter- 
mined upon bj a majority of the members present at the previous meeting. 

Sec. 3. An adjourned meeting may be held at any time and place that a 
migority of the members present at any meeting may elect. 

Sec. 4. The regular hours of sessions shall be from 9 o'clock A. M. to 2 
o'clock P. M. 

Sec. 6. During the business sessions no communications shall be received 
or acted upon other than those pertaining to the business of the Association. 

ARTICLE VI. 

Sec. 1. This Constitution may be amended at any regular meeting of the 
Association by two-thirds vote of the members present. 



RESOLUTION PASSED AT THE SIXTH ANNUAL MEETING, BALTIMORE, 

MARYLAND, MAY, 1873. 

Resolved, That no expense shall be incurred by committees except by the 
unanimous consent of the General Supervisory Committee, given in writing 
to the chairman of said committee, stating the amount to be expended. 



RESOLUTION ON BOSTON FUND, PASSED AT THE EIGHTH ANNUAL 

MEETING, NEW YORK, MAY, 1875. 

Besolvedf That the Boston Fund, amounting now, with accrued interest, to 
$3,620, be invested in Qovernment securities to be selected by the duly ap- 
pointed Trustees^ and not to be disturbed for the purpose of expenditure 
unless authorized by the miy'ority of members present in open convention, and 
then only after due notice of a motion to expend the same has been given at 
the session immediately preceding; and that the interest accumulating shall 
every year be invested in the same manner as the principal, and a full ac- 
count of the same be duly reported with other financial statements. 



RESOLUTION ADOPTED AT THE NINTH ANNUAL MEETING. 

Besolvedf That members of the Association who have been in good stand- 
ing for a period of not less than five years, and who through age or other 
cause cease to be actively engaged in the mechanical departments of railroad 
eervice, may, upon the unanimous vote of the Association, be elected ** Hon- 
orary Members," who shall have their dues remitted and be entitled to all 
the privileges of regular members except that of voting. 
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NAMES AND ADDRESS OF MEMBERS. 



NAME. BOAD. ADDRESS. 

Anderson, H 147 Randolph street, 

Chicago, 111. 

Anderson, J. H N. Y. B. & P. Rd Proyidence, R. I. 

Anderson, R. H G. & C. Rd ...Helena, S. C. 

Anderson, Thos C. C. & A. Rd Columbia, S. C. 

Alden, H. A ...C. C. & B. & O. Rd Brockville, Ont. 

Britton, H. M N. Y. & N. E. Rd... Boston, Mass. 

Britton, A. W Boston, Mass. 

Boon, J. M P. Ft. W. & C. Rd Fort Wayne, Ind. 

Bushnell, R. W B. C. R. & N. Rd Cedar Rapids, Iowa. 

Brastow, L. C L. & S. Rd Ashley, Pa. 

Boyden, G. E N. Y. & N. E. Rd Boston, Mass. 

Brooks, H. G Brooks Locomotive Works Dunkirk, N. Y. 

Barnett, J. Davis .G. T. Rd Montreal, Can. ^ 

Black, John D. <& M. Rd Lima, O. 

Blackwell, K G. T. Rd Belleville Station. 

Blackall, R. C D. & H. C. Co Albany; N. Y. 

Baldwin, B. L P. & R. Rd Danville, 111. 

Biasett, John C. & D. Rd... Florence, S. C. 

Briggs, R. H M. & O. Rd Whistler, Ala. 

Chapman, N. E.. C. & P. Rd Cleveland, O. 

Chapman, J. W Erie Rd Hornellsville, N. Y. 

Chapman, Thos. L....C. & O. Rd Huntington, W. Va. 

CummingH, S. M Boston, Mass. 

Coolidge, G. A Fitchburg Rd Charlestown, Mass. 

Clark, David L. V. Rd Hazleton, Pa. 

Clark, Peter N. Rd of Canada Toronto, Can. 

Cooper, H. L LB. & W. Rd Urbana, 111. 

Cook, James Danforth & Cook's Loco. Works..Paterson, N. J, 

Cushing, Geo M. K. & T. Rd Sedalia, Mo. 

Crockett, John F B. L. & N. Rd Boston, Mass. 

Cory, Chas. H Central Rd of Iowa Marshalltown, la. 

Coon, Geo. F M. R. Rd Hancock, Mich. 

Colburn, R N. & W. Rd Norwich, Conn. 
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NAME. BOAD. ADDBES8. 

Clifford, J. G L M. Ed Paris, 111. 

Crowell, Nathan L. & O. Bd r • Peru, S. A. 

Cook, John S« G^rgia Bd.» Augusta, Oa. 

Cook, Allen C. & I. E. Ed Danville, 111. 

Devine, J. F W. & W. Bd Wilmington, N. C 

Dripps, W. A.. 3405 Walnut street, 

Philadelphia. 

Eddy, Wilson B. & A. Bd. Springfield, Mass. 

Elliott, Henry • St. Louis, Mo. 

Edams, J. B I. C. Bd Amboy, 111. 

Ellis, J. C Schenectady Locomotive Works..Schenectady, N. Y. 

Ellis, W. H P. & B. Ed Catawissa, Pa. 

Everson, Thos St. L. S. & L. Bd Steeleville Sta., Mo. 

Eckford, Jas C. H. & D. Ed « Cincinnati, O. 

Fobs, J. M i C. V. Bd St. Albans, Vt. 

Fry, Howard P. & E. Bd Williamsport, Pa. 

Flynn, J. H W. & A. Ed Atlanta, Ga. 

Fuller, W. M A. & G. W. Ed Meadville, Pa. 

Faries, H. V A. T. & S. F. Ed Topeka, Kan. 

Finlay, L C. & F. Bd Little Bock, Ark. 

Foster, W. A W. & M. Div. F. Bd Fitchburg, Mass. 

Fowle, I. W C. C. C. & I. Ed Delaware, O. 

Graham, Chas L. & B. Bd Kingston, Pa. 

Grant, B. D .....M. P. Bd St. Louis, Mo. 

Granger, W. E •>. & N. E. Bd Springfield, Mass. 

Gilson, Gregg D Capiopa Bd Chili, S. A. 

Gregg, Benj. J C. S. & C. Bd Sandusky, O. 

Gordon, Jas. J .Concord Ed Concord, N. H. 

Hayes, S. J III. Cent. Ed Chicago, 111. 

HiU, E. O Erie Bd New York City. 

Holloway, J. W C.Mt. V. & D. Ed Akron, O. 

Hain, F. K K. & D. M. Bd Keokuk, Iowa. 

Hudson, W. S Bogers Locomotive Works Paterson, N, J. 

Hewitt. John M. P. Bd St. Louis, Mo. 

Haynes, O. A St. L. & I. M. Ed Carondelet, Mo. 

Hollister, C. W . Valley Bd Hartford, Conn. 

Hodgman, S. A P. W. & B. Bd Wilmington, Del. 

Haggett, J. C~ D. A. V. & P. Bd Dunkirk, N. Y. 

Hanson, C. F D. & M. Bd.. Detroit, Mich. 

Hewitt, W. O T. P. & W. Ed Peoria, IlL 

Johann, Jacob Wabash Bd.. Springfield, IlL 

Jackman, J. A C. A. & St. L. Ed ••Bloomingtoo, 111. 
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NAME. BOAD. ADDBESS. 

Jeffery, E. T 111. Cent. Rd Chicago, 111. 

Jaqaes, Kichard Capiopa Bd Chili, S. A. 

Johnson, J. B Ark. Cent. Kd Helena, Ark. 

Johnston, F. W S. J. & P. Rd Springfield, O. 

Kinsey, J. I L. V. Bd Easton, Pa. 

Eeeler, Sanford F. & P. M. Bd .< East Saginaw, Mich. 

Kilby, G. S C. & P. Bd Lyndonville, Vt. 

Kaufholz, F. G C. C. C. & I. Bd aeveland, O. 

King, Bobert W. & A. Bd Montgomery, Ala. 

Losey, Jacob Steam Forge Co New Albany, Ind. 

Lauder, J. N N. Bd of N. H Concord, N. H. 

Leech, H. L Hinckley Locomotive Works Boston, Mass. 

Lingle, Thos .r Box 97, South Am- 

boy, N. J. 

Lannon, William Washington, B. C. 

Lewis, W. H D. L. & W. Bd Elingsland, N. J. 

Lewis, W. H N. P. Bd Brainerd, Minn. 

Mulligan, James Conn.Biver Bd Springfield, Mass. 

Mitchell, A W. Div. L. V. Ed Wilkesbarre, Pa. 

Morse, G. F. Portland Locomotive Works Portland, Me. 

Mead, Lyell T C. F. & W. Bd .Chippewa Falls, Wis. 

Martin, Jno E C. C.&T. Bd Chili, S. A. 

Minshall, Jno N. Y. & O. M. Bd.... Middletown, N. Y. 

Miller, W. H Transfer and Stock Yard Co Indianapolis, Ind. 

Maglenn, Jas C. C. Bd Laurinburg, Ala. 

McEIinzie, John K.P. Bd Wyandotte, Kan. 

McKenna, John I. P. & C. Bd Peru, Ind. 

McFarland, Jno« C. & O. Bd Bichmond,Va. 

McCrum, Jas M. B. Ft. S. & G. Bd Kansas City, Mo. 

McVey, John A.& C Chattanooga, Tenn, 

Noyes, Warren E E. Div. G. T. Rd Gorham Station, N.H. 

Noble, L. C H. & T. C. Bd Houston, Texas. 

Ortton, John. C. S. Bd...% St. Thomas, Can. 

Pendleton, M. M S. & B. Bd Portsmouth, Va. 

Perry, F. A C. & A. Bd Keene, N. H. 

Perrin, P. J Taunton Locomotive Works Taunton, Mass. 

Peddle, C. B T. H. & L Bd Terre Haute, Ind. 

Philbrick, J. W.. M. C. Bd - Waterville, Me. 

Prescott, G. H P. C. & St. L. Bd Logansport, Ind. 

Purves, T.B W.Div. B. & A. Bd Qreensburg, N. Y. 

Place, T. W 111. Cent. Bd Waterloo, Iowa. 

11 
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NAME. BOAD. ADDRESS. 

Pilsburj, Amo8 H. P. & F. Kd Hartford, Conn. 

Pilson, S. S Louisville, Ky. 

Price, Thomas Cin. Southern Rd Cincinnati, O. 

Patterson, J. S I. C. & L. Rd Cincinnati, O. 

Bay, W. F T. W. & W. Rd Fort Wayne, Ind. 

Richards, Geo B. & P. Rd Boston, Mass. 

Robb, W. D L. P. & S. M. Rd Elizabethtown, Ky. 

Rushton, Wm A. & W. P. Rd « .Atlanta, Ou. 

Reynolds, G. W B. C. F. & N. B. Rd .Taunton, Mass. 

Robertson, Thos M. P. & C. Rd ..Marietta, O. 

^chaffer, August L. C. & L Rd Louisville, Ky. 

Schlacks, Henry HI. Cent. Rd Chicago, 111. 

Swift, John Schenectady Locomotive Works..Schenectady, N. Y. 

Smith, Allison D Government Rd New Zealand. 

Strode, tTames E. & C. Div. N. C. Rd Elmyra, N. Y. 

Stevens, G. W L. S. & M. S. Rd Elkhart, Ind. 

Shaver, D.O Pennsylvania Rd Pittsburg, Pa. 

Setchel, J. H L. M. Rd Cincinnati, O. 

Sedgley, James L. S. & M. S. Rd Cleveland, O. 

Sanborn, A. J I.&St. L. Rd ...Mattoon, 111. 

Stearns, W. H Connecticut River Rd Springfield, Mass. 

Slingland,N Western Rd Hartford, Conn. 

Sprague, H. N Porter, Bell & Co Pittsburgh"^ Pa. 

Salisbury,L:B St. L. & S. E. Rd Mt. Vernon, 111. 

Selby, W. H St. L. K. C & N.Rd Moberly, Mo. 

Sleppy, E St. J. & D. C. Rd St. Joseph, Mo. ' 

Simonds, G. B C. & St. L. Rd E. Carondelet, 111. 

Small, Robert B I. & G. N. Rd Palestine Station, 

Texas. 

Steel, W. J L. & N. Gt. So. Rd Nashville, Tenn. 

Sechler, E. K O. & M. Rd Pana, 111. 

Thumser, John O. & M. Rd Seymour, Ind. 

TurreflF, W. F C. T. V. & W. Rd * Elyria, O. 

Towne, H. A N. P. Rd Brainerd, Minn. 

Taylor, J. K O. C. & N. Rd Boston, Mass. 

Tull, C.H... V. S. & T. Rd Monroe, La. 

Underbill, A. B..^...B. & A. Rd Boston, Mass. 

Wilson, J. B O. & M. Rd Vincennes, Ind. 

Walsh, Thomas M. & O.of L. & N. Rd Memphis, Tenn. 

Warren,B St. L. A. & T. H. Rd St. Louis, Mo. 

Woods, H. E C. R. L & P. Rd Rock Island, 111. 
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NAME. BOAD. ADDRESS. 

Wells, Reuben J. M. & I. Rd Jeffersonville, Ind. 

Wiggins, J. E H. E. &W.T. Bd Houston, Texas. 

Waite, F. A B.& M.Rd Boston, Mass. 

Woodcock, W Central Rd. of N. J Elizabethport, N. J. 

.White, Philip C. & P. Rd Wellsville, O. 

White, J. L E.& C. Rd Evansyille, Ind. 

Williams, E. H Baldwin Locomotive Works Philadelphia, Pa. 

Weaver, D. L E.K.Rd Hunnewell, Ky. 

Wilder, F. M Erie Rd Buffalo, N. Y. 

Wightman, D. A Pittsburgh Locomotive Works... .Pittsburgh, Pa. 

Young, L. S C. C. C.& L Rd Cleveland, O. 

ASSOCIATE MEMBERS. 

NAME. ADDBESS. 

• 

Bement, W. B 21st and Callowhill street Philadelphia, Pa. 

Dudley, P. H Cleveland, O. 

Evans, W. W 66} Pine street ..New York City. 

Forney,M. N 73 Broadway New York City. 

Holley, Alex. L 273 Broadway New York City. 

Hill, Jno. W Cincinnati, O, 

Miles, F. B Philadelphia, Pa. 

Morton, Henry Professor at Stevens* Institute Hoboken, N. J. 

Nott,G.H Chicago, 111. 

Lilly, J. O. D Indianapolis, Ind. 

Raymond, J. H Chicago, 111. 

Sellers, Coleman Philadelphia, Pa. 

Smith, Chas. A Washington University St. Louis, Mo. 

Thurston,R. H Professor at Stevens' Institute Hoboken, N. J. 

Wheelock, Jerome Worcester, Mass. 

HONORARY MEMBERS. 

Dripps, Isaac 3405 Walnut street Philadelphia, Pa. 

Robinson, W. A Hamilton, Can. 
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ORDER OF BUSINESS. 



1. Beading the Minates of previoas meeting. 

2. Calling the Koll of Members. 

3. Signing the Constitution. 

4. Report of Secretary. 

5. Report of Treasurer. 

6. Report of Committees appointed at a previous meeting. 

7. Election of Officers. 

8. Appointment of a Committee to suggest Subjects for Consideration. 

9. Appointment of Miscellaneous Committees : On Finance, Printing, and 

Place for Holding Next Annual Meeting. 

10. Report of Committee to suggest Subjects for Consideration. 

11. Appointment of Committees to report upon Subjects suggested for Con- 

sideration. 

12. Unfinished Business. 

N. E. CHAPMAN,! 

R. WELLS, 

J. N. LAUDER, . Committee. 

S. J. HAYES, 

J. H. SETCHEL, 
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OBITUARY. 



Mr. John B. Morse, a member of this Association, and late Mas- 
ter Mechanic of the Hannibal and St. Joseph Kailroad, at Brook- 
field, Missouri, died March 25, 1879. 

Mr. Morse was born in Medfield, Mass., on October 28, 1830. 
He served his apprenticeship in the machine business at Waltham, 
Mass., after which he worked for a short time for the Boston Loco- 
motive Works and for the Souther Locomotive Works, in South 
Boston. 

In 1853 he went to Rochester, N. Y., and was employed on the 
then Eochester and Niagara Falls Boad, on which road he first ran 
as a locomotive engineer. In 1854 he went West, and ran a loco- 
motive on the Mad Biver Boad, but he only remained a short 
time, returning to Boohester. 

In 1855 he again went West to run on the Bureau Yalley 
Branch of the Chicago, Bock Island and Pacific Boad. In 1856^ 
he left this road and was employed as engineer on the then To- 
ledo, Wabash and Western Bailroad, between Lafayette and Fort 
Wayne, Ind. In 1857 he was appointed foreman in charge of 
the Lafayette shops, under Mr. W. F. Bay, M. M., which position 
he filled, with great credit to himself and to the satisfaction of his 
superior officers, until 1867, when he voluntarily resigned to take 
charge of some mining interests in Montana. He remained, how- 
ever, but a short season, when he returned to his old home in Lafay- 
ette to take charge of the Perdue Manufacturing Company's shop, 
where he remained until 1869, when he was put in charge of the 
Toledo, Wabash and Western Bailway shops, at Danville, 111., soon 
after resuming his former position as foreman of the Lafayette shops 
of the same road. 
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In 1872 be was transferred to Fort Wayne and made foreman of the 
shops at that place, which position he filled successfully until June 
15, 1874, when he was appointed to the position of Master Me- 
chanic, in charge of the Eastern Division of the then Toledo, Wa- 
bash and Western Kailway. 

In 1877 his health began again to fail him, causing him to resign 
on January 1, 1878. 

In June, 1878, he took charge of the Brookfield shops of the 
Hannibal and St. Joseph Kailroad, at which place he died, March 
25, 1879, and was buried at Lafayette, Ind. 

Mr. Morse was one of the pioneers of the Western Eailroad sys- 
tem, and a free-hearted and warm friend to all he deemed entitled 
to his friendship. For his employers he was a zealous worker, and 
a thoroughly practical and natural mechanic. 

By his decease this Association loses a valued friend and respected 
member, society a useful citizen, and his bereaved family a devoted 
husband and a kind father. 

JAS. M. BOON, Y ^ 

J. H. RAYMOND, J CiwimiWee. 



